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DIGESTION OF GARBAGE WITH SEWAGE SLUDGE * 


By Don I. BLoopGoop 


Engineer-in-Charge, Indianapolis Activated Sludge Plant 


The disposal of garbage with sewage sludge is not an entirely new 
problem but the available data were considered insufficient to answer 
the important questions necessary before such a venture could be 
undertaken at the Indianapolis Sewage Treatment Plant. 

The first experiments conducted in March, 1934, were on batch quan- 
tities. These tests indicated that garbage could be digested satisfac- 
torily with sewage sludge and the results were of sufficient importance 
to indicate the necessity for further study of gas production, tank 
capacity needed and rate of destruction of organic material. The 
information gained from the early experiments also suggested the 
necessity of conducting further tests which would duplicate plant op- 
eration. 

It was decided that the digestion tanks should be operated upon a 
daily charge and draw schedule. The charges were to be in proportion 
to the relative amounts of wastes received at the sewage and garbage 
plants, as shown by available data of past years. The amounts of 
sewage solids were 900 pounds of primary sludge and 1700 pounds of 
activated sludge per million gallons of sewage. The sewage flow was 
50 million gallons per day. The quantity of green garbage was 100 
tons per day. Chargings to the tanks were maintained upon such a 
schedule until the city’s garbage was being ground and put into the 
sewage. After this the chargings were based upon the actual amounts 
of daily sludge production. 

The tanks used were made from 5-gallon cream cans, inverted as 
shown in Figure 1. The inlet for charging was submerged below the 
liquor level of the tank to make a proper seal. <A glass strip was built 
into the side of the tank for observation of the contents. Taps were 
placed throughout the depth of the tank for withdrawal of supernatant 
liquor. The stirring mechanism was built on the principle of a churn 
dasher, suitable modifications being made to prevent the loss of gas. 
Sludge was withdrawn through a *4-inch cock in the bottom of the 
tank. From the gas vent a line led to an 8-liter gasometer. 

The tanks were kept at 85° F., in an insulated water bath, which 
was checked each hour and controlled with steam. 

The stirring of the tank was performed manually. At the start 
of the tests the agitation was once every day. It was soon found that 
this was insufficient to keep down the floating material, and when the 

* Presented Before the Eighth Annual Convention of the Central States Sewage Works 


Association, Urbana, IIl., Oct. 25, 1935. 
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higher rates of charging were reached it was found necessary to agi- 


tate once every four hours. 
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Chemical analyses were made on all materials charged and with- 
drawn. The determinations for solids, ash, total organic nitrogen, 
and petroleum-ether soluble were made upon the constituents of the 
charges, as well as upon the composited materials. In addition to 
these determinations, except for petroleum-ether soluble, B. O. D. was 
run upon the supernatant liquor. 


Test Pertiop WHEN SLupGES AND GARBAGE WERE CoLLECTED SEPARATELY 


The tanks were charged with equal quantities of volatile solids. 
The ratios of primary and activated sludges were identical in both 
tanks. 

The solids used for the chargings were obtained at the sewage 
disposal and garbage reduction plants. The catch sample of activated 
sludge was concentrated, before use, to an average of 4.50 per cent 
solids. The primary sludge was also a catch sample but it was used 
at the original average concentration of 5.96 per cent solids. The 
garbage was a sample taken from the garbage receiving pit at the 
reduction plant. This garbage was hand picked and it is believed to 
have been representative. The garbage was ground in a small house- 
hold garbage grinder which required the addition of some water to 
facilitate grinding. During a period of the test there was no activated 
sludge available and so sludge from the plain aeration of sewage was 
used. 
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To eliminate as much laboratory work as possible, the chargings 
for several days were made up and stored in the refrigerator at 38° F. 

The seeding sludge used in starting these tanks was obtained from 
the original digestion experiments. It was not a thoroughly digested 
sludge but it was thought advisable to use it rather than no seed at all. 

At the outset of this work it was quite strongly believed that the 
earbage-sludge mixture would be much more difficult to digest than 
would the sludges alone. This explains many of the precautionary 
steps which were taken at the start. 

Daily chargings to the two tanks were not started at the same time 
because it was thought that the garbage-sludge tank was not in quite 
as good condition as the control tank. It was but a few days until 
both tanks were taking equal charges of volatile solids at the initial 
established rate of 0.25 pounds of volatile solids per cubic foot of 
digester capacity per day. 

At first, considerable difficulty was experienced with material get- 
ting into the gas lines. It was soon found that this condition was not 
caused by poorly digesting sludge. The difficulty was remedied by 
decreasing the volume of sludge from 14 to 12 liters and by maintaining 
a more frequent stirring schedule. 

In charging the tanks every day it was necessary to remove some 
liquid before each charge. At first, supernatant was drawn whenever 
possible but later it was decided that, should Indianapolis resort to this 
fast rate of digestion, the sludge or supernatant would be discharged 
to the sludge lagoons and in that event it would be immaterial whether 
sludge or supernatant was drawn so long as the sludge in the digester 
was kept at a reasonable concentration. The contents of the tanks 
were thoroughly mixed before any sludge was drawn. 

The gasometers were calibrated so that, when the gas pressure was 
equalized, they read in cubic centimeters. 

Analyses of the sludges and garbage are given in Table I. 

















TaBLe | 
Suspended |  Yolatile Petroleum |Total Organic 
Material Solids | Solids Ether Soluble} Nitrogen 
|. | % % % 
Activated Sludge................ | 4.50 70.2 | 14.55 | 5.52 
Primary Sludge............. oe 5.96 75.9 | 15.46 2.79 
24.06 2.94 


RECA SSNRS Ame A dens Mohan ACS Dy 11.40 | 94.6 





The solids in the activated sludge are higher than can be obtained 
in actual practice. The garbage solids are low because of the water 
used in the grinding. The volatile matter in the activated sludge is 
higher than for several years previous when it had averaged 66 per 
cent. The petroleum-ether soluble and total organic nitrogen were 
also higher than the past averages. The primary sludge was about 
the same except for the grease, which was considerably higher than the 
average for past years, and the total organic nitrogen, which was lower. 
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There had been but little information gathered heretofore on the analy- 
sis of Indianapolis garbage. Some data obtained this past summer 
show that the grease was considerably lower than was found during 
the test under discussion. It is very likely that this was a seasonal 
difference rather than a possibility that representative garbage was 
not obtained for the digestion experiment. 

An effort was made to charge both tanks with an equal volume of 
volatile solids each day. The volatile garbage solids added were 33 
per cent of the total volatile solids added. The effect of the addition 
of the garbage can best be seen in Table IT. 


TaB_LeE I].—Showing Effect of Garbage on Charging Sludae 


Suspended Volatile Petroleum (|Total Organic 
Material Solids Solids Ether Soluble Nitrogen 
, if : cf : cf ' ¢ 
Primary and Activated Sludges. . . 1.93 70.8 13.83 1.49 
Primary, Activated, and Garbage. 5.50 77.1 17.16 4.21 
Per Cent Change 11.6 9.0 24.1 6.2 


It was quite impossible to charge the tanks with exactly equal vol- 
umes of volatile solids. At the end of the test the compiled data 
showed that the control tank had been charged with 8.2 per cent less 
volatile. It was also found that the control tank received 20.6 per cent 
more total organic nitrogen and 5.2 per cent less grease than the tank 
with the garbage-sludge mixture. 

In consideration of the sludges drawn from the digestion tanks it 
is apparent that they were but slightly different, as can be seen from 


Table ITI. 


. ABLE I I I : A nalysis of Dige sted Sludge Ss 


Suspended Volatile Petroleum (Total Organic 
Material Solids Solids Ether Soluble Nitrogen 
( Y ¢ / ( / ¢ J 
Primary and Activated Sludges 3.35 62.4 6.45 3.99 
Primary, Activated, and Garbage. 3.44 63.7 6.46 4.10 


Though the drawing of supernatant liquor was not regular practice, 
a summation of the data available has been made and is given in 


Table IV. 


TaBLE IV.—Analysis of Supernatant Liquor 
Total Volatile Total Organic B.O.D. 
Materials Solids Solids Nitrogen 5-day 
P.P.M. PPM. P.P.M. P.P.M. 
Primary and Activated... . 5,460 2,439 1,109 1,283 
Primary, Activated and Garbage. 6,909 4,809 949 | 1,310 
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The supernatant liquor from the garbage-sludge mixture was some 
stronger, except for the nitrogen, than the supernatant from the sludge 
alone. 

The losses taking place in the digestion units were caleulated. All 
materials entering and drawn from the tanks were weighed, with as 
much accuracy as possible. A comparison of the losses in the two 
units is given in Table V. 

The losses of petroleum ether soluble are excessive because they 
do not account for the grease lost in the supernatant liquor. 


TaBLe V.—Losses During Digestion and Digestion Period 





Volatile Total Organic} Petroleum Digestion 
Test Solids Nitrogen | Ether Soluble Period 
Y o oO Days 
Primary, Activated........... 45.3 38.5 70.1* 6.98 
Primary, Activated, and Garbage 59.9 48.6 St ak 8.80 
When Garbage was being Added to 
Sewage........ nee 38.9 25.9 63:1" 3.96 





* Grease lost in supernatant not accounted for in this computation. 


Rate of gas production is an important factor in the digestion of 
varbage with sewage solids. It is believed that the most accurate 
method of rating gas production is cubie centimeters of gas per gram 
of volatile solids added. On this basis of comparison the garbage- 
sludge mixture produced 562 ¢.c. and the sludge 382 ¢.c. The averages 
of the results of 47 analyses made on each gas during the test are quite 
° bd rm 4 mn = Y 
similar. These results are shown in Table VI. 


TaBLE VI.—Comparison of Gases Produced 


Tank CO, Other Gases 
cf cf 
4 4 
Primary, Activated peered .| 30.8 69.2 
Primary, Activated, and Garbage. beg eet Sees ies Pak 67.3 


The quantity of gas produced per gram of volatile garbage solids 
is very interesting. To arrive at such a figure with the data at hand 
it was necessary to make one assumption and do some calculating. The 
assumption made was that the primary and activated sludges, when 
mixed with garbage, produce the same amount of gas and at the same 
rate as they do when digested alone. ; 

The ecaleulations show that 963 ¢.c. of gas was produced per gram 
of volatile garbage, a quantity 2.52 times as much as obtained for 
sludge alone. This figure may be high because the detention time in 
the garbage-sludge tank was, on an average, 1.82 days longer than in 
the control tank, and also, the assumption stated above may not be a 
fact. The digestion periods are compared in Table VII. 
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TaBLE VII.—Detention Period, Days 








Tank Average Maximum Minimum 
Primary, Activated ae 6.98 11.8 4.5 
Primary, Activated, and Garbage 8.80 12.0 5.7 
Difference... .. 1.82 0.2 1.2 





The reason for the difference in digestion time was that an effort 
was being made to charge both tanks with an equal amount of volatile 
solids. The concentration of volatile solids was higher in the garbage- 
sludge mixture. The charge of smaller volume resulted in the longer 
detention period. A graph (Fig. 2) showing the relation of eubic 
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centimeters of gas per gram of volatile solids charged indicates that, 
for the same detention period, considerably more gas was produced 
by the garbage-sludge unit than by the control. This curve indicates 
that the large amount of gas produced in the garbage-sludge tank was 
not due to the increased detention time. The quantity of sludge in the 
garbage-sludge tank was never more than that in the control, so the 
high gas production could not be attributed to an excessive amount 
of sludge solids. 

The quantities of volatile solids which were handled per cubic foot 
of tank space have been computed. The rates of addition were started 
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at 0.244 pounds per eubie foot per day and then were gradually in- 
ereased. The range covered can be seen from Table VIII. 


TasLeE VIII.—Pounds of Volatile Added per Cu. Ft. of Tank Capacity per Day 














Tank Average Maxirhum Minimum 
PPMNARY ACUI VRURU sss. eos 5s sok 5 geen aias 0.308 0.495 0.244 
Primary, Activated, Garbage. .......... oe 0.293 0.396 0.239 





At no time did the units appear to be overworked and there is no 
reason to believe that the garbage-sludge unit could not take as heavy 
a load as the control unit. 
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During a part of the test period, the digesters were charged every ; 
day and for the remaining time they were charged every day except 
Sunday. A glance at the daily data shows that there was a marked 
effect on the gas production when a charge was missed. A graph (Fig. 
3) of the daily gas production of the garbage-sludge unit, when no 
charge was added on Sunday, shows that the gas produced on Sunday 
was about 24 per cent less than on Saturday. The decrease in gas pro- 
duction is noticeable at once in the case of the garbage-sludge mixture, 
while in the ease of sludge alone the maximum.loss does not appear 
until the second day after failure to charge. It is also to be noted that 
the recovery to maximum gas production was not immediate after the 
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charging was resumed. In fact, it took about four days to get back to 
normal. The recovery of maximum gas production from the sludge 
tank was not in steps as was that from the garbage-sludge tank. It was 
also noticed that there was a second low production which appeared 
on Friday. There appears to be some cycle in the digestion process 
which reflects the effect of failure to charge on Sunday in the following 
Friday’s gas production. This peculiarity was observed in both tanks. 
The second part of Fig. 3 refers to similar periods, except that the tanks 
were charged every day; it can be seen that there are no great irregu- 
larities as were observed when charges were not made on Sunday. 

The relation of dry garbage solids to suspended sewage solids re- 
ceived at the plants has been about the same for the past five vears, as 
can be seen from Table IX. 


TaBLE 1X.—Relation of Garbage Solids to Sewage Suspended Solids Received 
at the Disposal Plants 





es Garbage, Per Cent of Fat, Garbage, Per Cent of 
Year Sewage Solids Year Sewage Solids 
1929 16 1932 18 
1930 16 1933 16 
1931 = 17 1934 16 


The percentage of garbage solids might be expected to be somewhat 
higher in a city where industrial wastes are of less magnitude than in 
Indianapolis. The equivalent population of Indianapolis is about 164 
per cent of the estimated connected population, which was 345,000 in 


1934. 


Test Pertop WHEN GarBacr Was Berna Grounp anp Put Invro Sewace 


On May 1, 1935, failure of equipment at the garbage reduction plant 
made it necessary to resort to some other method of. garbage disposal. 
It was decided to attempt to grind the garbage and add it to the raw 
sewage. After this date, all sewage sludge contained garbage and it 
was impossible to carry a control. Both digesters were to be charged 
with primary (which contained garbage) and activated sludges on the 
basis of the total pumpage of each sludge. The sludges charged were 
composited samples taken over a 24-hour period. 

The average results of the analyses of materials charged and with- 
drawn are given in Table X. The results for the two tanks were almost 
identical so that it is advisable to consider them as one. It is of interest 
to note that the nitrogen is higher in the digested sludge than in the raw, 
due to the fact that the percentage loss of nitrogen is less than for the 
solids. The losses in the digestion process are functions of length of 
digestion period and type of material digested. The losses during the 
first part of the experimental work were considerable higher than to- 
ward the end as may be seen by reference to Table V, which shows 
losses and digestion periods. 
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) TaBLE X.—Analysis of Charged and D 
Suspended Volatile 
Material Solids Solids 
% q 
| Soe “i ae 
Raw Sludges........ 32 68.58 
Digested Sludges. . . 3.2 60.10 


9 | | 5.24 


| 
t t 


The maximum detention period during this last test was 5.6 days 
and the minimum was 3.5 days. 

The gas produced during this period was 429 ¢.c. per gram of 
volatile solids added. There were 58 gas analyses made during the 
second test period; the average carbon dioxide content was 33.3 per 
cent. This closely approximates the analysis of the gas from the 
varbage-sludge mixture as given in Table VI. 
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The average pounds of volatile solids handled per cubic foot of tank 
capacity per day during the last period was 0.422 as compared with 
().293 in the first test. The maximum rate obtained was 0.519 pounds 
per cu. ft. and this rate was maintained for about one month without 
upsetting the operation of the unit. 

During the period when this test was run, an average of 82.3 tons 
i garbage was being ground and put into the sewage each week day. 
On a seven-day average this would be 70.5 tons per day. The average 
sewage flow for this period was 47.0 million gallons per day. Using 
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the average normal sludge productions of 900 pounds of primary and 
1700 pounds of activated sludges per million gallons, and a moisture 
content of green garbage of 82 per cent, computations show that the 
garbage dry solids in the mixture amounted to 24 per cent. This should 
be compared with 26.2 per cent in the synthetically mixed sludge and 
garbage. It should be noted that this test did not extend into the peak 
garbage season. 

The condition of the sludge removed from the digestion tanks is of 
importance. It may be said that the sludge removed throughout the 
investigation always had a good odor. During the latter period the 
digested sludges were not always as black as well digested sludge. 

The rate of ash increase is shown in Fig. 4. Sludges were com- 
posited, held at atmospheric temperature, and analyzed occasionally 
throughout a period of 120 days. It can be seen that the rate of ash 
increase is the same whether or not garbage is present in the sludge. 

For a short period during the first part of the test work it was im- 
possible to obtain any activated sludge. This made it necessary to 
resort to the use of aerated sewage sludge instead. This material was 
handled in the digesters with equal ease. It is interesting to note that 
when these solids were used the rate of gas production increased and 
when they were again replaced by activated sludge the rate decreased. 
It is a fact that there is more grease in the aerated sewage sludge than 
in the activated sludge and this excess grease is believed to be one of the 
reasons for the increased rate of gas production. 


CONCLUSIONS 


1. Daily charges of primary sludge, activated sludge, and garbage, 
in which the volatile content of garbage solids was 33 per cent of the 
total volatile solids, digested for nine days at 85° F., produced 562 e.c. 
of gas (CO, content 32.7 per cent) per gram of volatile added, with a 
resulting decrease in volatile solids of 59.9 per cent. 

2. It is absolutely necessary to submerge the material which collects 
at the surface of the tank. 

3. Digestion takes place at a more rapid rate when garbage is 
present in a sludge mixture than in sludge alone. 

4. The quantity of gas produced per unit of volatile garbage solids 
is at least twice that produced from primary and activated sludges. 
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EXPERIMENTS ON THE DIGESTION OF GARBAGE AND 
SEWAGE SOLIDS * 


By F. H. Wurrttey, Jr. 


Graduate Research Assistant, University of Illinois 


Digestion experiments at the University of Illinois have been made 
in small seale laboratory set-ups, in 55-gallon steel drums, and on a 
scale that approaches actual plant operating conditions. 

The earliest digestion set-up consisted of 2.5 liter bottles as di- 
vestors and similar bottles for the collection of the gas formed during 
digestion. The first series of digestion bottles was set up by May, 
1934, and before June 30, 1934, two more series of bottle experiments 
were in operation. Hach series consisted of four to six digestion bot- 
tles, each bottle with a different mixture of garbage and sewage sludge. 
The composition of the mixtures in these bottles ranged from 38 per 
cent to 92 per cent garbage, on the basis of total dry solids in the gar- 
bage and sewage sludge. The bottles were used as closed digestors, 
with no additions or removals of solids or liquor. 

The sludge used in these preliminary tests was solids settled out 
of the strictly domestic sewage of Champaign-Urbana. ‘The garbage 
was waste food from household kitchens and a local restaurant. It 
consisted of cooked food in the form of table wastes and raw food 
wastes left from the preparation of meals. Green vegetables of all 
kinds, bread, fruit peelings, meat scraps, and potatoes were some of 
the components of the garbage. The contract for garbage delivery 
had as its chief specification the requirement that the garbage be fit to 
feed to hogs. 

Grinding of the garbage prior to digestion was considered essential 
in order to obtain a mixture as homogenous as possible. Paper and 
other foreign materials were removed from the food wastes, which were 
then ground in an ordinary household food chopper. The food chopper 
was the largest household model available and was very satisfactory 
for the early tests, which required only a small amount of garbage. 

The bottle tests of the spring of 1934 were ended before June 30, 
and analyses were made of the contents. The laboratory examination 
showed, among other things, that there was a great range in the pH of 
the mixtures, with the more acid results representing the bottles with 
the least gas production. 

In the fall of 1934, larger containers were used for the digestors in 
addition to the small bottles first used. Steel drums of 55-gallon ea- 
pacity were converted into digestors and were equipped with gasom- 
eters in order that gas production could be recorded. These barrel 
digestors were arranged so that additions to and removals from the 
mixture could be made, and so that samples could be taken when de- 
sired. 


* Presented Before the Eighth Annual Convention of the Central States Sewage Works 
\ssociation, Urbana, Ill., Oct. 25, 1935. 


13 











14 SEWAGE WORKS JOURNAL January, 1936 


Bottles were set up in pairs for each barrel, each pair of bottles 
containing the same mixture as in the corresponding barrel. These 
bottle tests were set up to check the gas production and also to afford 
visual observation of the contents during digestion. 

In the six barrels and corresponding pairs of bottles, garbage and 
sludge alone were digested, and also mixtures of 20% garbage with 
80% sludge, to 80% garbage with 20% sludge. These ratios were on 
the basis of dry volatile solids in the garbage and sludge. Imhoff tank 
sludge which had just started digesting was drawn from one of our 
large Imhoff tanks and used as the sewage sludge. The garbage was 
fresh and was ground before being mixed with the sludge. 

No consistent results in gas production were obtained in this series. 
The conditions of the run were very unfavorable; the bottles and bar- 
rels were set up in our testing plant, which was insufficiently heated. 
The low temperatures probably inhibited bacterial action. 

In preparing garbage in batches sufficient for the barrel tests, it 
was found that the household food chopper was too small and could not 
turn out enough ground garbage for our tests. Grinders are made 
and are on the market, designed for the grinding and pulverization of 
garbage. After investigating the machines made especially for gar- 
bage, it was learned that the cost of even the smallest was too great for 
our funds. After several machines had been studied, a small grain 
erinder was purchased at a cost of $12.00. From the first trial the 
machine pulverized garbage better than the food chopper. Paper, 
rags, and meat skins clog the machine, but if they are removed a satis- 
factory pulpy product may be secured. One man can grind approxi- 
mately 100 to 125 pounds of garbage per hour with this grain grinder. 

In the spring of 1935 another series of barrels and bottles was 
started. Sludge used was of three types: Imhoff sludge which was 
partially digested, fresh sludge from a sedimentation tank, and fresh 
activated sludge. The sludges were not mixed, but were used sepa- 
rately with the garbage to test the digestion of garbage with various 
sludges. <A mixture of 50% volatile sludge solids with 50% volatile 
garbage solids was used in each case. The finished mixtures varied 
from a very soupy consistency in the case of activated sludge to a 
mushy consistency with Imhoff sludge, the latter having about 90% 
moisture when placed in the digestors. Two barrels, with a corre 
sponding pair of bottles, were set up for each of the three mixtures. 

Very erratic results were obtained in this run. In one barrel of 
each pair, gas was produced, while no bacterial activity was apparent 
in the remaining three barrels. Laboratory analyses showed no dis 
tinct difference in the contents of the separate barrels of each pair. 
Each pair received identical treatment and care throughout the dura- 
tion of the test. Before using the barrels, all were thoroughly cleaned 
and sterilized to be certain that none of the former contents were left 
to interfere with digestive activity. The temperature varied only a 
little from normal room temperature for the greater part of the test. 
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The pairs of bottles gave results that were far from the consistency 
expected from identical mixes. 

These results indicated that single tests on such a small scale are 
worthless, on account of the great variation in character of garbage. 
or this reason our conclusions are based entirely on the results of the 
large-scale tests reported by Prof. Babbitt. 











THE DOSING OF SEWAGE TANKS WITH GROUND 
GARBAGE * 


By Harortp E. Bassirr 


Professor of Sanitary Engineering, University of Illinois, Urbana, Illinois 


Garbage may be introduced into a tank in many different ways, 
dependent upon the construction of the tank, the manner of conveying 
garbage to the sewage treatment plant, the location of the grinding 
equipment and other factors. The method of handling garbage at 
the Indianapolis sewage treatment plant comprises grinding the gar- 
bage and dumping it into the sewer some distance above the treatment 
plant. The ground garbage is well mixed with the sewage before 
reaching the treatment plant, therefore the character of the plant in 
fluent is similar to that of a strong sewage containing fresh solids. 

If the garbage grinding plant is at or near the sewage treatment 
plant, it is possible to introduce the garbage into the tank at the inlet 
end, either in slugs of solid matter or through some type of continuous 
feeding device. One outstanding diffieulty with such a method of feed 
ing, either intermittent or continuous, is the danger that a large portion 
of the garbage may float through the plant without treatment. Where 
Imhoff or two-story tanks are available it might be possible to introduce 
the garbage into the gas vents either intermittently or continuously or, 
if the tank were covered for the purpose of gas collection, to introduce 
the garbage through a trapped inlet, pushing it deeply into the digestion 
compartment. 

If a sewage treatment plant is designed for separate sludge diges- 
tion and the garbage is ground at the plant, the ground garbage may be 
fed to the digestion tank either intermittently or continuously, similar 
to the method of feeding sludge, or if the garbage is added to the sewage 
before reaching the plant the settled sludge, which will include settle- 
able particles of garbage, can be added intermittently or continuously 
to the separate digestion tank. 

All of these methods of dosing tanks have been or are being tested 
at our plant with the exception of the last one mentioned, in which 
ground garbage is mixed with sewage at a point well above the sewage 
treatment plant, and the solids removed by sedimentation are trans 
ferred to the separate digestion tank. 

It is to be noted that the tests at our testing plant fall into two 
classes; one series in small containers and the other in relatively large 
containers. The methods of dosing that have been studied have been 
applied only to the larger containers. The tests in the larger con- 
tainers include: 
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The effect on an Imhoff tank, designed for the collection of gas, of 
the intermittent dumping of ground garbage into the influent end 
of the flowing-through compartment. 

29. The effect on an Imhoff tank, designed for the collection of gas, of 
the intermittent dumping of ground garbage into the deeper 
regions of the digestion compartment. 

3. The effect on an Imhoff tank, with open gas vents, of continuously 
introducing ground garbage, intimately mixed with sewage, into 
the influent end of the flowing-through compartment. 

4. The effect on a two-story, constant-temperature, separate-sludge- 

digestion tank of introducing ground garbage and fresh sludge 

intermittently into the primary compartment of the tank. 


At first thought it might seem unnecessary to study the effect of 
dumping batches of garbage into the influent end of the flowing-through 
compartment of an Imhoff tank. It is to be expected that quantities 
of the solid materials will float across the tank, being discharged, un- 
treated, with the effluent, unless stopped by hanging baffles. The effect 
of hanging baffles would probably be to create an accumulation of an 
unsightly and odorous seum formed of putrefying solids. Our tests 
bore out these expectations. No laboratory control was necessary to 
show that quantities of solid matter floated across the tank to be dis- 
charged with the effluent, and the interposition of scum boards or hang- 
ing baffles served to collect seum behind the baffles without making any 
apparent improvement in.the character of the effluent, which continued 
to be choked with solid particles which had been sucked under the 
surface baffle. The results of the test demonstrate the folly of at- 
tempting to dose any type of continuously flowing sedimentation tank 
with garbage in this manner. 

If garbage is to be brought to the sewage treatment plant, there to 
be ground and fed into the tank, the next most obvious point to apply 
it to an Imhoff tank is to the gas vents so that it may sink into the 
digestion compartment before escaping through the effluent. One of 
our Imhoff tanks at the testing plant, with a capacity of approximately 
15,000 gallons, was equipped to receive garbage through the gas col- 
lection dome. In order that a fair test of the results might be made, 
a ‘‘control’’ tank was constructed to duplicate the garbage-fed ‘‘test’’ 
tank; the two tanks being operated identically except that one received 
ground garbage and the other did not. All necessary observations on 
rate of dosing, rate of sewage flow, quality and quantity of sewage and 
garbage and of the effluents, were made physically and chemically on 
both tanks. The proportion of wet garbage solids to sewage was 
approximately one million gallons of sewage to one ton of wet garbage. 

Feeding of the tank was accomplished by adding, in batches, about 
100 to 150 pounds of wet, ground garbage into the digestion compart- 
ment through a 10-ft. length of 8-in. steel pipe. This pipe passed 
through the cover of the gas vent in the top of the digestion compart- 
ment and terminated about eight feet below the water surface and two 
to three feet below the slot in the flowing-through compartment. Just 
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below the lower end of the pipe a V-shaped tin baffle was placed to 
permit the garbage to fall into the digestion compartment and to pre- 
vent the escape of gas from the tank. When ready for dosing the cover 
on the upper end of the pipe was removed and the charge of garbage 
was pushed down the pipe with the aid of a long-handled, double 
plunger. Considerable strength was usually required to push the gar- 
bage dose into the tank. 

Shortly after the commencement of operation the approach of 
trouble was indicated by a decrease of pH values and an increase in 
concentration of volatile acids. The amount of gas collected never 
equalled that generated in the ‘‘control’’ tank and the garbage gas was 
always lower in methane, as indicated by its inability to burn well or at 
times to ignite. 

Some time before the conclusion of the 2-month test the contents of 
the tank receiving garbage turned very sour and the sludge rose from 
the bottom of the digestion compartment to produce a 10-ft. thickness 
of scum on the top of the scum chamber. The gas vents became clogged 
and the pressure of gas and liquid resulted in the collapse of the sides 
of the flowing-through compartment. After operation for about two 
months it became impossible to collect gas from the ‘‘test’’ tank be- 
cause of the clogging of the gas domes, whereas no trouble was being 
experienced with the operation or the behavior of the ‘‘control’’ tank. 

Upon opening the ‘‘test’’ tank after a 3-month period of operation 
no sludge was found in the sludge compartment, which was filled with 
a sour, vile-smelling milky liquid and a vile-smelling scum. The 
scum had the consistency of slush and contained recognizable par 
ticles of undigested garbage. Acid fermentation was in progress in the 
tank but the hydrolysis and gasification of organic matter through 
alkaline digestion was absent or inhibited to such an extent as to be 
negligible. No carefully controlled laboratory tests were required to 
demonstrate the impracticability of dosing an Imhoff tank in this 
manner. 

Having demonstrated the expected failure of this method of dosing 
tanks, our next test, which is now in progress, was commenced. In this 
test we are simulating the conditions which would result from the 
dumping of ground garbage into a sewer and admitting the mixture of 
garbage, suspended in sewage, to the influent end of the flowing- 
through compartment of the two-story tank. Our procedure consists 
in preparing a watery suspension of the ground garbage solids and 
pouring the suspension approximately continuously into the: influent 
of our test tank. The covers on the gas vents, wrecked in the previous 
test by the pressure of confined gas, have not been restored on the 
‘test’? tank. The ‘‘control’’ tank is being operated identically with 
the ‘‘test’’ tank except that it receives no garbage. The ‘‘test’’ tank 
receives the dose of ground garbage in the proportion of one ton of 
wet garbage solids per million gallons of sewage treated. At no time 
has the tank given indications of approaching difficulties in operation. 
The pH has remained near or slightly above 7.0, volatile acids are low, 
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o &§ there is active gasification, and practically no formation of scum; in 
. &§ fact the test tank has shown less scum than has accumulated on the 
rf ‘control’? tank. Sludge is accumulating and is digesting at approxi- 
ef mately the same rates in both tanks and there is every indication that 
le | the ‘‘test’? tank is taking the load without undue strain. Visual ob- 
P servations indicate the production of a larger amount of gas in the 
‘‘test’’ than in the ‘‘control’’ tank but, unfortunately, facilities have 
sf not been available for the collection of this gas. 
7 Our ‘‘eontrol’’ observations on the quality of the effluent show, how- 
1 ever, that an appreciable amount of the garbage solids appear in the 
s effluent and the B.O.D. of the effluent is higher than that of the influent. ; 
ft A fine-mesh screen has been placed in the effluent from the tanks to per- 
mit observation of the discharged solids. Pieces of skins of potatoes, 
f citrus fruit, and other typical garbage solids are recognizable in the 
n solids sereened from the effluent of the ‘‘test’’ tank, indicating that 
s they are floating through the flowing-through compartment. They ap- 
d pear in the effluent in such quantity and condition as to indicate that 
S they would cause trouble in secondary treatment devices. 
0 More data are desired under the method of operation to corroborate ' 
. or vitiate these preliminary observations. Following the collection of 
o satisfactory data under these conditions it is our intention to increase 
c, the rate of garbage dosing by stages until the limit of the ability of 
n the tank to digest the garbage has been reached, as indicated by the 
h souring of its contents or other obvious indices. 
e Another test, which has been under way for about four months, is a 
study of the effect on a two-story, two-stage, constant-temperature, 
e separate-sludge-digestion tank of introducing ground garbage and fresh 
h sludge intermittently into the primary compartment of the tank. The 
e coustruction of the separate sludge digestion tank is similar to an Im- & 
0 hoff tank, the doses of solids being applied to the primary compart- 
. ment. This would be called the flowing-through compartment in an 
Imhoff tank. It is presumed that light, floating particles, particularly 
>” erease, will be carried to the top of the primary compartment where 
S acid fermentation will be concentrated. Materials digested in the pri- 
e mary compartment fall through the slot to pass through anccher stage 
f of digestion in the secondary compartment. The idea of such an ar- 
- rangement is that the materials in the primary compartment, being 
S mainly grease and carbohydrates, will be subject to acid digestion. It 
| is expected that accelerated digestion will be obtained by separating 
{ this acid stage from the alkaline stage in the secondary compartment. 
; Thus the advantage of stage digestion may be enjoyed without the 
necessity of opening the tank to transfer material from one compart- 4 
ment to another. 
c Our procedure in operating the tank is to dose it about three times 
i a week with a mixture of ground garbage and sludge collected in a 


plain sedimentation tank. The quantity of garbage amounts to ap- 
proximately one ton of garbage per million gallons of sewage treated. 
The sewage and garbage solids settle simultaneously. 
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In order to assure the proper operation of the tank the liquid in 
the secondary compartment is constantly cireulated by pumping the 
subnatant liquor from a point two to three feet below the top of the 
secondary compartment, through a centrifugal pump, and discharging 
it into the bottom of the secondary compartment. The temperature of 
the tank is held within one or two degrees of 90 deg. F. Gas is col- 
lected in separate gasometers from both the primary and from the 
secondary compartments. The digestion tank has been in operation 
for more than four months and is showing every indication of being 
able to carry the load successfully, as indicated by the pH and volatile 
acids in the two compartments, and the quantity and quality of gas 
collected. So far as ean be determined, no sludge is accumulating in 
either compartment and no inordinate amount of seum is accumulating. 
It has been found necessary, however, to operate a stirring device 
which was installed for the purpose of breaking up any troublesome 
amount of seum which might accumulate under the gas vents. This 
stirring device consists of cireular paddles which are turned by hand 
one or two revolutions once or twice a day. 

A very large amount of gas has been accumulated, which is rich in 
methane, indicating satisfactory digestion of the solids. The fact that 
the tank is not filling with sludge indicates excellent hydrolysis and 
the fact that its pH is slightly above 7.0 and that the volatile acids are 
below about 50 p.p.m. in both compartments indicates desirable condi 
tions for good digestion. The tank is apparently taking the load satis- 
factorily and is making valuable gas both in quality and in quantity. 

[t is to be noted that we have put about one ton of wet garbage and 
77.0 en. yd. of wet sludge into this tank and, at the present time, there 
is no accumulation of sludge in the tank. The solids content of the 
supernatant liquor in both the primary and secondary compartments 
have shown no trend either to increase or to decrease, since the test 
was started. Total solids remain at between 0.11 and 0.75 per cent. 
The tank seems to have reached a maximum rate of gas generation 
of approximately 14 eu. ft. of gas per pound of volatile solids added. 

We expect to continue this test for one or two weeks, after which 
the rate of dosing with garbage will be increased in an attempt to 
discover the limit of load which can be applied. A reeord of solids 
added and removed is being maintained, so that a solids balance can 
be maintained, in order to discover the effect of gasification and 
hydrolysis. 

It is expected also, at a later date, to use other kinds of sludge in 
the tank, such as activated sludge, chemical precipitation sludge, ete., 
and also to study the effect of higher temperatures on the rate of diges 
tion in the tank and the limit of load which can be placed upon it. A 
further test will be attempted to determine the possibilities of putting 
unground garbage into the tank. 

It is to be noted that the garbage which we are using is somewhat 
selected material since our grinder is too small to handle large bones 
and other large, hard particles. No tin cans nor pieces of wood, 
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crockery, broken glass, or similar articles are allowed to slip into the 
erinder. 

As one result of the tests made so far it can be said with safety 
that such a tank ean handle a load equivalent to one ton of garbage 
per million gallons of sewage treated. 

The operation of the tank for a 4-month period at this load has 
shown excellent gasification, and no sludge accumulated in the diges- 
tion compartment. The supernatant liquor, which is discharged when 
a charge is added to the tank, is slightly alkaline, is not putrid, con- 
tains about 0.3 per cent solids, and has a 5-day, B.O.D. of 1,000 to 1,200 


p.p-m. 
The sludge problem has been minimized and the disposal of the 
varbage has been simplified. 











DIFFUSER PLATE STUDIES * 


By A. J. Breck 


Principal Sanitary Chemist, The Sanitary District of Chicago 


The activated sludge process of sewage treatment depends upon a 
proper biological flora and sufficient dissolved oxygen to maintain 
aerobic conditions. Originally the oxygen concentration in a diffused 
air plant was maintained by blowing compressed air through perforated 
pipe located at the bottom of the aeration tank. The development of 
porous plates for aeration was an important advance in the art of 
sewage treatment by the diffused air process, because of the saving in 
air. 

Porous diffuser plates were used in the activated sludge plant at 
San Marcos, Texas, as early as 1916, and at Houston, Texas, in 1917. 
These plates had a permeability rating of about 6 cu. ft. per plate per 
minute. 

Milwaukee was one of the first large plants to use porous diffusers. 
The permeability of these plates purchased in 1920 was 9.0 to 12.9. 
Plates with a permeability of 10 to 12 were used at the Des Plaines 
River Treatment Works of the Sanitary District of Chicago, which 
was placed in operation in 1922. Diffuser plates with a permeability 
of 10.5 to 15.5 were used in the Indianapolis Activated Sludge Plant, 
which was placed in operation in May, 1925. 


Marty TEsts 

Iixperimental work on diffuser plates was carried on by the Sani 
tary District of Chicago at the Tannery Testing Station and the Des 
Plaines River Treatment Works, from 1922 to 1924, by S. I. Zack, R. J. 
Bushée and Warren EK. Howland. As a result of these investigations, 
it was decided to purchase plates with a permeability of 11.7 to 18.5 for 
the North Side Plant. These plates were of higher permeability than 
any used up to that time and were practically as coarse as the manu 
facturer was able to furnish. After seven vears of operation they are 
still giving very satisfactory service. 


GENERAL Properties OF DirruseR PLATES 


Diffuser plates available to-day are made of either silicon dioxide 
or aluminum oxide grains bound together into a porous mass by a 
ceramic binder. In manufacturing the plates, sufficient water is added 
to the mixture of grain and binder to form a damp mass which is 
pressed into a mold 12 inches square and 1 or 1% inches thick. The 
molded plates are then dried after which they are vitrified at a tem 
perature above 1000° C. 

The pore space makes up 30 to 38 per cent of the volume of the 
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plate. The size of the pores is dependent upon the size or combination 
of sizes of grain used to mold the plate. 

Diffuser plates in a 15-foot aeration tank are subject to a pressure 
of 940 Ib. per square foot when the air supply is shut off. As a meas- 
ure of their strength, plates at the factory are required to carry a total 
load of 1000 Ibs. uniformly applied on a surface 4% inch wide extending 
across the plate on a centerline parallel to the supported edges. The 
plate is uniformly supported at two opposite edges on bearing surfaces 
°¢ inch wide and 11 inches apart. This results in a safety factor of 
more than 4. 

Alkalies and acids, except hydrofluoric, have no deleterious effect 
on diffuser plates at ordinary temperatures. Gradual change of tem- 
perature up to 900° C. is not injurous to plates. 


SpeciAL Properties or DirruseR Puatres AFFECTING AERATION PROCESS 


Diffuser plates are graded according to their capacity to pass air. 
This characteristic of a plate is ealled permeability. The permea- 
bility of a plate is the number of cubie feet * of free air at 70° F. and 
10 to 25 per cent relative humidity which will pass through one square 
foot of plate area to atmosphere with a pressure of 2 inches of water 
under the plate, when the plate is tested dry at 70° Fk. The permea- 
bility of a plate is affected by the number and size of pores and the 
thickness of the plate. A plate 14% inches thick must have either more 
pores of the same size or. larger pores than a plate one inch thick, if 
the permeability of the two plates is the same. 

The frictional resistance of a wet diffuser plate to the flow of air is 
termed pressure loss. The pressure loss at a given air rate varies 
inversely as the permeability. Plates of higher permeability have 
lower pressure loss. Low pressure loss is very desirable from an 
operating standpoint. 

The size of grain used in manufacturing diffuser plates governs the 
pore size, which in turn determines the permeability and pressure loss. 

The evenness of distribution of pores over the entire area of a 
plate is termed uniformity. 

When all of a number of plates fastened in one plate container and 
supplied with air by a common air line pass approximately the same 
quantity of air the plates are said to give uniform distribution. Uni- 
form distribution is desirable and this is especially true with the 
present trend to fewer rows of plates. 


Description oF TESTS 


This investigation was started in March, 1934, for the purpose of 
obtaining data for diffuser plate specifications for the Calumet Sewage 
Treatment Works Extensions and new Southwest Sewage Treatment 
Works. 


Air at the barometrie pressure at which the test is made. 
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PERMEABILITY AND Unirorm DistRiBuTION 


Late in 1932, 1500 diffuser plates were purchased from each of 
three manufacturers to replace the experimental plates in three aera- 
tion tanks at the North Side Works which had become completely 
clogged. Each tank is 34 feet wide and has 1440 plates arranged in 
four rows, two on either side of a center baffle wall. The original plan 
was to replace all the plates in the three tanks. However, at the time 
of installation, it was decided to replace only two rows, one row in each 
bay next to the baffle wall or a total of 720 plates in each tank. 

After the plates were installed and the tanks were put into service 
it was found that one group of plates gave uniform distribution, while 
two groups gave non-uniform distribution. Pressure loss tests showed 
little difference in the pressure loss through the three kinds of plates. 

At the North Side Plant, eighteen plates are fastened in each plate 
container, and the air is admitted at one end. This led to the thought 
that possibly the poor distribution was caused by pressure loss through 
the plate container. 

The pressure loss through the plate containers was determined, and 
these results are presented in Table I. 


TABLE I. Pre ssure Loss Through Plate Boxes 


Date Cross-sectional Air Rate in _ Pressure Loss 
. Area in Square Inches C.F.M. per Plate in Inches of Water 

3/27/34 23 3.5 AS 

2.7 05 

1.6 .03 
9/1/35 23 1.3 10 
9/3/34. 23 5.0 .O8 
5/4/34 23 3.0 .20 
9/3/34. 28 5.9 04 
5/7/34 28 1.6 .02 


The test showed the pressure loss to be too low to explain the marked 
non-uniform distribution. 

Some of the remaining plates were returned to the factories where 
accurate permeability tests showed the plates to be incorrectly rated. 

Following the above tests, six sets of 36 plates each with permea- 
bilities as follows were obtained from the manufacturers: 





Lf 96.0 — 67) f(a —— 41) 
3 A B91) — §3:5) b—=(9655 —“"G1)) 
3—(40.1 — 40.8) 6—( 36.0 — 37.0) 


Each set was installed in a separate section in a tank with its own air 
supply and metering orifice. The plates were placed so that those of 
highest permeability were farthest from the air inlet. 

When the tank was put into service all six sets of plates gave uni- 
form distribution. 

From these results it was concluded that in order to obtain uniform 
distribution it is necessary to have diffuser plates carefully rated, and 
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36 
secondly that plates with a high permeability rating and low pressure 
r loss will give uniform distribution. 
_ 
a PERMEABILITY AND BuBBLE S1zeE 
. Scouller and Watson? in a paper read before a meeting of the In- 
i oy stitute of Sewage Purification in London in July, 1934, showed that 
e oxygen is absorbed from air bubbles rising in de-aerated water. 
1 Scouller and Nixon ® in a paper read before the Institute later in 1934 
showed that the rate of solution of oxygen from air bubbles is directly 
2 proportioned to their surface area. 
2 In connection with the tests on diffuser plates at the North Side 
Treatment Works the relation between the permeability of the plate 
’ and the size of the bubble produced was determined. 
Diffuser plates made by three different manufacturers were tested. 
: The average size of bubble given off by a diffuser plate was determined 
by photographing the bubbles against a background of Van Dyke 
cross-section paper with twenty divisions per inch. The cross-section 
) paper was cemented to a piece of sheet metal to secure a plane surface. 


A wooden frame provided with grooves was used to hold the piece of 
sheet metal in a vertical position over the diffuser plate. A piece of 
elass was held parallel to and 14-inch from the cross-section paper by 
a second set of grooves to keep the bubbles in a vertical plane. 








Fic. 1.—Bank of lights, camera, and apparatus used to obtain photograph of bubbles. 


The diffuser plates used in the test were fastened into single con- 
crete or sheet metal containers with Portland cement grout. Each 
plate was submerged to a depth of eighteen inches in a glass walled 
tank filled with water. Air was supplied to the plate container through 
a metering orifice. 
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An intense light was required to secure a normal exposure. During 
the summer months direct sunlight in conjunction with three mirrors 
was used to illuminate the bubbles. Later a bank of 30 photo flood 
lamps was used (Fig.1). 

Photographs were taken using an air rate of 1.0 and 4.0 eu. ft. per 
min. per plate. Supersensitive panchromatic film was used with a 
lens opening of f:4.5, and an exposure time of 1/750 of a second. 

Enlarged positives were made from the negatives, on a seale in 
which one inch of the cross-section paper was represented by two 
inches. The size of the individual bubbles was determined with the 
aid of a hand lens and the cross-section paper (Fig. 2). The diameter 





Fig. 2.—Air bubbles as measured with background of cross-section paper. 


TABLE II1.—Method Used in Calculating Bubble Areas 


























Diameter of Bubble | Volume of Bubble in Total Volume, | Number of Bubbles 
in Inches Cu. In Cu. In. of Each Size 
.050 .000065 .000650 | 10 
055 .000087 .000435 5 
.060 .000113 .000904 8 
065 000143 001144 | 8 
070 000179 000537 | 3 
.075 .000221 .003536 16 
.O80 .000268 .002680 10 
.090 .00038 1 .005334 14 
.100 .000523 .005753 11 
110 .000697 .001394 2 
mb FS .000800 .003200 4 
.120 .000905 009905 1 
icc ae Midst Peon te .026472 92 











Average Volume .000288 Cu. In. 
Average Diameter .0818 Inch 
Number of Bubbles per 0.1 Cu. Ft. of Air 600,000 
Surface Area per 0.1 Cu. Ft. of Air 87.5 Sq. Ft. 
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of all single bubbles with distinct margins in an area of 4 to 6 sq. inches 
was recorded, usually to the nearest 0.015 inch. The total volume 
represented by the bubbles recorded was next caleulated. By dividing 
the total volume by the total number of bubbles, the average volume 
was obtained, from which the average surface area was calculated. 
‘rom the average volume, the number of bubbles equal to 0.1 cubic 
foot of air was obtained and the total surface area of these bubbles was 
ealeulated. Diffuser plates were then compared on the basis of sur- 
face area of air bubbles resulting when 0.1 cu. ft. of air is diffused. 

The method used in ealeulating the average bubble surface area is 
presented in Table II. 


TasLeE III.—Area of Bubbles With Various Diffuser Plates 


Manufacturer A 
Permeability 14-18 32.5 C-40 50 67 
Air rate in e.f.m. per plate l 4 l { I 1 I + ] 1 
Total bubble area in sq. ft. | 96.0] 72.7} 75.0 | 81.8 | 82.2 | 73.3] 76.4 | 67.0] 72.7) 91.3 
resulting when 0.1 cu. ft. is | 102.7| 74.1} 85.4 | 85.6 | 82.0 | 80.0) 80.1 | 68.5) 77.1) 83.7 
diffused 94.2} 86.5] 88.8 | 86.1 | 79.9 | 81.6) 78.7 | 79.7) 92.2) 76.3 
96.0 | 77.6 72.2 | 77.7) 74.2 | 77.6} 82.0| 78.1 
100.4 | 73.3 | 81.7} 87.2) 76.2 
75.9 | 77.9) 87.2 
81.2 80.0) 
74.1 
71.8 
Manufacturer B 
Permeability 33 10.1 C-40 56 60 
Air rate in e.f.m. per plate 1 t 1 1 I 1 l 4 1 1 
Total bubble area in sq. ft. | 84.1 | 83.0 | 103.0} 82.5 | 91.7 | 85.1} 81.3 | 83.1) 79.6) 74.1 
resulting when 0.1 cu. ft. is | 84.6 | 84.8 | 93.1] 83.8 | 96.2 | 87.2) 79.5 | 81.7) 86.8) 75.6 
diffused 77.6 | 93.7 | 93.6| 86.7 | 104.4} 88.0} 71.6 | 84.3) 80.1) 68.5 
84.6 | 84.6 | 85.2 | 95.2] 74.9 68.3 
Manufacturer 6. 
Permeability 13.1 14-18 16 24 37 
\ir rate in ¢.f.m. per plate l } l 1 l | l 1 I 1 
Potal bubble area in sq. ft.| 81.0 | 99.8 | 75.7 | 71.2| 84.5} 76.7} 92.6 | 78.7) 71.3] 79.1 
resulting when 0.1 cu. ft. is | 96.5 | 96.0 | 92.3 | 107.6} 95.7) 81.0) 97.7 | 91.7| 80.0) 82.6 
diffused 92.4 | 88.0 | 85.6 79.7| 90.0 | 87.6) 84.6) 77.1) 94.4) 83.5 
89.9 | 70.9 | 85.2 | 87.8} 106.9 | 97.2) 103.8 87.8) 91.2) 70.2 
92.2 | 83.4 | 95.2 | 74.3 | 81.8} 82.5] 77.3 
85.3 | 91.2 | 85.1 | 84.9} | 73.9 
34.5 | 
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Table III shows the results of the individual determination on 
fifteen plates of three manufacturers, (Fig. 3) at air rates of 1.0 and 
4.0 cu. ft. per min. per plate. These results were used to obtain the 


averages given in Table IV. 








Fic. 3.—Fifteen plates from three manufacturers, as used in tests. 


In general the results show that plates of hig 


duee slightly lower bubble area per unit of air. 
bubble area is produced at the higher air rate. 


her permeability pro- 
Also slightly lower 
The plate with a per- 


meability of 67 under Manufacturer A is an exception. This was an 


experimental plate °4-inch thick. 


TaBLE IV.—Summary of the Average Bubble Areas Obtained From 0.1 Cu. Ft. of Atr 


3ubble Area in Sq. Ft. from 0.1 Cu. Ft. of Air 


Manufacturer Permeability 
1 c.f.m. per Plate 4 c.f.m. per Plate 
A 14-18 98.0 86.2 
A ou.0 81.5 81.5 
A (40 79.2 76.4 
A 50 77.9 75.8 
A 67 81.9 82.8 
B 33 86.2 81.9 
B (40 94.3 88.9 
B 10.1 93.8 84.2 
B 56 76.4 82.8 
B 60 81.9 71.8 
( 13.1 90.0 86.7 
( 14-18 87.5 84.2 
( 16 93.8 85.4 
( 24 94.3 83.4 
( | 37 83.4 77.9 
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DIFFUSER PLATE STUDIES 


From the results obtained it may be concluded that no great loss in 
efficiency can result by using plates with permeability rating up to 67. 


Pressure Loss IncREASE WITH OPERATION 


The pressure loss through diffuser plates increases with use. 
Pressure loss tests were made on plates in the aeration tanks at the 
North Side Treatment Works on August 2, 1929; December 23, 1931, 
and July 18, 1934. Figure 4 gives the results of these tests. The 
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‘1G. 4.—Results of tests on loss of pressure from 1929 to 1934. Low permeability. Air rate 
1.0 eu. ft. per min. per plate. 
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increase in pressure loss for the first period was equal to a pressure 
of 8.6 inches of water at 2 eu. ft. of air per min. per plate, while the 
increase in the second period was equal to a pressure of only 6.8 
inches of water, showing a slight decrease in the rate of clogging. 
The average operating air rate on these plates was 1 cu. ft. per 
min. per plate. 

A test was made to determine the rate of increase in pressure 
loss, using plates with a permeability rating of 30.0 to 32.9. These 
plates were operated at an average rate of 2 cu. ft. per min. per plate. 
‘igure 5 shows the results of pressure loss, tests made on July 19, 
1954, and again on March 14, 1935. During eight months of opera- 
tion the pressure loss increase at a rate of 2 ecu. ft. per min. per plate 
Was equal to a pressure of 1.6 inches of water. 

During the latter part of 1934, one of the aeration tanks at the North 
Side Works was used to aerate return sludge. The pressure loss in- 
creased, in 69 days of operation, to a point where it was necessary to 
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PRESSURE LOSS INCREASE WITH OPERATION 
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tests on loss of pressure in plates of medium permeability, 1934 to 1935. 
Air rate 2.0 cu. ft. per min. per plate. 


Fig. 5.—Results of 
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Fic. 6.—Loss of pressure in reaeration tank in 69 days, and decrease in pressure following 
aeration alone, and iater treatment with nitrie acid. 


discontinue the test. Curve 1, Figure 6, shows the pressure loss after 
69 days of operation. The tank was half filled with mixed liquor and 
aerated without addition of sewage from Dee. 21, 1934, to February 2, 
1935, when a second pressure loss test was made. Curve 2, Figure 6, 
gives the result of this test. The pressure loss at 3 eu. ft. per min. per 
plate was reduced from 66 to 30 inches of water. It appears that after 
the food supply in the mixture was depleted the organisms attacked the 
material which had accumulated at the surface of the plate, thereby 
causing a marked reduction in pressure loss. 
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An examination of sections of clogged diffuser plates showed the 
clogging to be confined to the top surface to a depth of one-eighth inch. 
A few black specks of carbon were uniformly distributed throughout 
the plate. 


Repucitne Pressure Loss By MEANS or OxipiziInc AGENTS 


As the pressure loss through diffuser plates increases, the cost of 
compressing air also increases. Finally a point is reached where it 
becomes economical to replace the plate or find some means of reducing 
the pressure loss. 

Roe * in a survey among those in charge of plants throughout the 
United States and Canada listed ten methods for cleaning plates in 
place and four methods for cleaning removed diffusers. 

It is almost impossible to remove plates set with a 1:1 Portland 
cement grout, so an attempt was made to find a satisfactory method for 
cleaning plates in place. Nitric acid was the first agent tried. 
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Fic. 7.—Results of tests on cleaning plates by means of sulphuric-chromie acid. 


i All the plates in one aeration tank, 1440 in number, were treated 
with 36° Bé. (50 per cent) nitric acid. It was necessary to do the work 
ill two steps, because a preliminary treatment was required to destroy 

the comparatively dense top layers of organic matter before the plate 

would absorb much acid. One-half pint of acid was applied to each 

plate. Only sufficient acid to wet the plate was used for the first appli- 

cation and the remainder applied the following day. The result of 

‘essure loss tests made before and after treatment are presented in 
Curves 1 and 2, Figure 7. A reduction in pressure loss of 12 inches of 








water at 2 cu. ft. per min. per plate, resulted from the treatment. The 
cost of such treatment for labor and acid, at the time of the experi- 
ment, was about six cents per plate. 

A test was made on the plates in another aeration tank using on each 
plate 100 c.c. of 66° Bé. (95 per cent) sulphuric acid containing 2 grams 
of sodium dichromate. The acid was applied in two doses with 48 hours 
between treatments. The results of pressure loss tests before and 
after treatment are given in Figure 6, Curves 2 and 3. The reduction 
in pressure loss by treatment with a mixture of sulphuric and chromic 
acid was equal to a pressure of 10 inches of water at 2 eu. ft. per min. 
per plate. Curve 4, Figure 6 and Curve 3, Figure 7, show the pressure 
loss of plates with a permeability of 30-32.9 after 8 months of opera 
tion. The cost was about the same as in the previous test with nitric 
acid. 

Aged Portland cement grout removed from plates used at the North 
Side and Calumet Works was tested for resistance to both nitrie acid 
and the the sulphuric chromie acid mixture. The former caused the 
grout to disintegrate rapidly, while the latter had little effect on it. 
This indicated that for plates set with Portland cement grout it is de- 
sirable to use the sulphuric chromic acid mixture for cleaning. 

From the results of the test it was concluded that the life of the 
plates at the North Side Works could be extended to equal the life of the 
plant by means of acid oxidizing agents. 


Factors AFFECTING THE PERMEABILITY TEST 
The most important item in diffuser plate specifications is the per- 
meability rating. The permeability test becomes increasingly impor- 
tant as plates of higher rating with corresponding lower pressure loss 
are specified. This is especially true when a number of plates are put 
in one plate holder. 


EFFECT oF BAROMETER ON PERMEABILITY TEST 


Flow of fluids are of two types, viscous and turbulent. The type of 
flow is dependent upon the viscosity and density of the fluid and the 
velocity of flow. 

In the ease of viscous flow, the rate of flow is proportional to the 
difference in pressure, while under conditions of turbulent flow the rate 
is proportional to the square root of the pressure difference. Howe * 
found that the air passing through a diffuser plate was directly pro- 
portional to the pressure head. Howland, in an unpublished Sanitary 
District report (1924), found that straightline relationship existed be 
tween pressure drop and air flow per unit plate area, for submerged 
plates. 

Recent tests made at the North Side Works on dry plates showed 
that the flow through the plate was proportional to the pressure drop; 
the flow is therefore of straight-line or viscous type. 

The viscosity of a gas varies with the temperature, but is inde- 
pendent of the pressure (Walker, Lewis & McAdams, Principles o/ 
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Chemical Engineering, page 78). Since the viscosity of air is the same 
at a barometric pressure of 29 inches of mercury as at 30 inches, a 
diffuser plate rated at the two pressures will have the same permeabil- 
ity if the temperature of the air is the same and the permeability is 
expressed in eu. ft. per min. at the barometric pressure at which the 
testismade. Calculating to a standard barometric pressure introduces 


an error. 

Orifice-type flow meters calibrated with a displacement meter are 
used to make the permeability test. An orifice-type flow meter that has 
been calibrated to read in permeability at a barometric pressure of 
30 inches of mereury will not indicate the correct permeability when 
used at another barometric pressure, sav 29 inches of mercury. The 
used at another barometric pressure, say 29 inches of mercury. 1¢ 
following ealeulations for the two conditions show the magnitude of the 


error. 
































PERMEABILITY 











Fig. 8.—Orifice meter uscd in making permeability tests. 


Figure 8 shows a typical orifice-type meter such as is used in mak- 
ine permeability tests. The test air is expanded ahead of the orifice, 
which is of the thin plate type, 84 inches in diameter, in a 6-inch pipe. 
A calibration curve for this orifice was at hand and was used to calcu- 
late the discharge coefficient used in the calculations. 
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CALCULATION 


Density of air at 32° F. 29.9 inches of mercury................ .O807 
Density of air at 70° F. 30 inches of mercury................ .0748 
Density of air at 70° F. 29 inches of mercury................ .0723 


W = Cv2gh (Walker, Lewis and McAdams, Principles of Chemical 
Engineering) 


Where 
W = Average linear velocity 
C = Coefficient of discharge (.77) 


g = 32.2 ft. per sec. 

h = Fluid head, expressed in feet of fluid flowing 
At 30 inches of mercury barometric pressure, 8 inches of water differentia! 
pressure and a pressure of 2 inches of water under the plate. Dow: 
stream pressure absolute: 


2.0 — : . 
30 + 3G 7 30.15 inches of mercury (sp. gr. = 13.6) 
A.D 
30) i vee : a ons : sh 
xX .0748 = .0752 density of air at flowing conditions 
30.00 ; 
© x <3 = 552 head in feet of gas (F 
Da eeeroes doz head 1n feet of gas (/) 
12 O/dZ ™ 
W = .77N2 X 32.2 X 552 = 145.2 feet per sec. (velocity 
‘ ge Mh Goo... ale es : 
145.2 X x 60 = 26.7 cu. ft. per min. at 30.15 in. of mercury 
144 
30.15 - a vn ; iol : 
: xX 26.7 = 26.85 cu. ft. per min. at 30 In. of mercury 
30.00 
eg, i ”_ 
26.85 &X = 38.8 permeability. 
100 
Al 29 inches 
2.0 ez , 
29 + — = 29.15 inches of mercury 
13.6 : 


29.15 


30.00 xX .0748 = .0727 density of air at 70° F. and 29.14 bar. 
va pressure at flowing conditions 
= x SoS = 571 head in feet of gas (F 

X —sa= = O¢1 head In feet of gas (h) 
12 0727 

¢N2 X 32.2 X 571 = 147.7 feet per sec. (velocity 

eet. age” OK SeOO ; ae a i ; 

147.7 X x 60 = 27.3 ¢.f.m. at 29.15 inches of mercury 
144 
a? } 


29.15 
‘ >. D7 Anon at IO inches 4 pelirvg 
39.00 X 27.38 = 27.45 c.f.m. at 29 inches of mercury 


144 - 
27.45 X 100 > 39.55 permeability. 
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Krom the caleulations just given it may be concluded that if a per- 
meability test apparatus, calibrated in permeability at a barometric 
pressure of 30 inches of mercury, is used at a barometric pressure of 
29 inches of mercury, a plate found to have an apparent rating of 38.8 
would actually rate 39.55 if rated at 30 inches barometric pressure, or 
there would be a difference in permeability of .75 ¢.f.m. 

This difficulty may be avoided if master plates are selected in the 
testing range at the barometric pressure prevailing at the time of eali- 
bration. The master plates may then be used to check the apparatus 
from time to time. This practice is being followed by the diffuser 
plate manufacturers. 

An examination of the report on the permeability tests on 9000 
diffuser plates for the Calumet Works Extension showed that three 
master plates were used to check the test apparatus four times daily. 
The testing covered a period of 22 days with a maximum variation in 
barometric pressure from 29.01 to 30.08 inches of mereury. The maxi- 
mum variation in permeability was + .30 cu. ft. per min., which oc- 
curred on one occasion. 

Irom these results it may be concluded that the barometric pressure 
is not an important factor in the permeability test and that the per- 
meability test equipment used was not sufficiently sensitive to record 
the effeet of a change in barometric pressure of one inch of mereury. 


TaBLe V.—Effect of Temperature of Plate on Permeability 


Temperature in 


ate No ‘ rae va : Yar ey Bx, SE 
Plate No. Manufacturer Daerecs Palwrenheit Permeability 

| A 70.0 41.4 
44.6 43.6 

2 A 70.0 $1.4 
42.8 43.9 

3 A 70.0 41.5 
$4.2 39.8 

} A 70.0 41.5 
86.0 39.8 

5 B 70.0 38.0 
25.0 11.5 

6 : B 70.0 39.5 
53.0 40.0 

it B 70.0 39.7 
53.0 40.6 

8 B 70.0 39.9 
03.0 41.7 

9 B 70.0 30.1 
26.0 33.1 

10 B 70.0 30.1 
26.0 33.1 

1] B 70.0 30.1 


26.0 33.0 
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Krrect or PLate TEMPERATURE ON PERMEABILITY 

At the time the permeability tests were made on the plates pur- 
chased for the Calumet Extension, a series of tests were made to de- 
termine the effect of temperature of plates on the permeability rating. 

A number of plates were rated at 70° Fahrenheit. Some of these 
plates were then cooled and others were warmed, the temperature taken 
and the permeability test made at the new temperatures. The results 
are presented in Table V. The change in permeability with the change 
in temperature of the plate can be accounted for by the change in vol- 
ume and viscosity of the air, due to the change in temperature of the 
air on coming in contact with the plates. The results show that it is 
necessary to rate plates at a uniform temperature. 


Errect or Humipiry oF Room Arr 

Three diffuser plates were rated after being stored in a room with 
the air temperature at 70° Fahrenheit and the relative humidity 71 per 
cent. Later the plates were again rated with the air at the same tem- 
perature and 42 per cent relative humidity. No change in permeability 
was observed. 

Kirrect or Humipity or Test Arr 

To determine the effect of relative humidity of the test air, a plate 
was rated a number of times with relative humidity of the test air 
varying from 71 to 27 per cent. Permeability readings varying from 
41.2 to 41.6 were obtained. A variation of this magnitude in the per 
meability test may be expected from other causes. It may therefore 
be coneluded that the relative humidity of the test air up to 71 per cent 
causes no detectable change in the permeability test. 

From theoretical considerations, little effect on the permeability 
test would be expected by a change in the relative humidity of the test 
air. At 70° Fahrenheit and 71 per cent relative humidity, air contains 
only 1.1 per cent of water vapor by volume. Water vapor at that tem- 
perature has a viscosity of .0105 centipoise while dry air has a viscosity 
of .0180 centipoise. The addition of sufficient water vapor to obtain 
a relative humidity of 71 per cent reduces the viscosity of the mixture 
to .0179 centipoise, or a reduction of only 0.6 per cent. 


CONCLUSIONS 

1. Diffuser plates that have been subjected to an accurate perme- 
ability test will give uniform distribution when placed in an aeration 
tank. 

2. Diffuser plates with permeability ratings as high as 67 will give 
uniform distribution. 

3. There is a slight increase in bubble size with plates of higher per- 
meability. There is also a slight increase in bubble size with an in- 
crease in air rate. 

4. The increase of pressure loss through diffuser plates with use 
varies inversely with the permeability. 
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5. A change in barometric pressure affects the permeability test. 
The effect, however, is not great enough to be detected by ordinary 
permeability test apparatus. 

6. The temperature of a diffuser plate is the most important factor 
affecting the permeability test. 

7. A change in the relative humidity of test air or room air has no 
detectable effect on the permeability of a plate, when the humidity is 
maintained under 71 per cent. 
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USE OF “CLOROBEN ” IN SEWAGE TREATMENT * 


By WittemM Rupours ann Liuoyp R. Serrer 


Chief and Assistant, Div. Water and Sewage Research, New Brunswick, N. J. 


A series of laboratory experiments were conducted to determine 
the possible uses of ‘‘Cloroben’’ in sewage treatment and sewage dis 
posal. ‘*Cloroben’’ is a trade name for a liquid which consists prin 
cipally of ortho-dichlorbenzene. 

The preliminary studies were conducted to determine whether com 
paratively small quantities of Cloroben affected the rate of aerobic 
decomposition in respect to suspended solids, oxygen consumed, B.O.D., 
nitrification and general respiration, settleability of solids, concentra 
tion of sludge and to determine the effect of larger quantities ot! 
Cloroben on the retardation or inhibition of the bacterial activities in 
sludge, including sludge digestion. 

The preliminary laboratory experiments were followed by a limited 
number of field tests at three sewage treatment plants, but the results 
obtained are not included in this paper. Since the purpose of th 
experiments was to determine the possible uses of the material, th 
experiments were not exhaustive, but only sufficient to show the merits 
and demerits of the solvent. 


KFFECT OF CLOROBEN ON BACTERIA 


Some vesults dealing with the effect of the material upon total 
bacteria (20° count) and the resultant odor of the mixtures are shown 
in Table I. Raw sewage from Freehold, N. J., was treated with large 


TaB_Le |.—Effect of Cloroben on Bacteria and Oder 


Cloroben, p.p.m 0 5.3 106 212 662 | 1,325 | 2,650 | 6,625 | 13,250) 26,500 
Bacteria, per cent Re- 

maining . $1,400* 737 527 93 0.5 |0.05 | 0.025) 0.016) 0.022) 0.901 
Odor (2 days H.»S | HS| HS+C | C+H.S| C c & & ‘: C 


* Thousands per c.c.; C = Cloroben. 
+ 2 days contact. 


amounts of Cloroben and after treatment samples were allowed to 
stand for two days, after which the odor of the mixture was estimated. 
It is apparent that extremely large quantities of Cloroben were neces 
sary to effect a material reduction in total bacteria. Even with 106 
p.p.m. Cloroben and two days contact, the bacterial reduction amounted 
to only 50 per cent. The low percentage reduction may be due in part 
to the aftergrowth of the organisms, similar to that observed for 
chlorinated materials. Hydrogen sulphide was not inhibited with small 

* Journal Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J., 
Div. Water and Sewage Research. 
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iG. 1.—Effect of Cloroben on compacting of stale sewage solids. 


quantities of Cloroben and could not be detected with larger amounts 
on account of the masking effect of the solvent odor. 


KFFECT ON SETTLING AND COMPACTING OF SOLDIDS 


Stale sewage solids have a tendency to become bulky after settling. 
In an effort to determine the effect of Cloroben upon the compacting 
of such solids previously settled, different quantities of the solvent were 
added. With increasing quantities, the mass compacted rapidly as 
indicated in Figure 1, illustrating the compacting effect on stale sewage 
solids (2 per cent) in one hour. With 0.4 per cent Cloroben on a wet 
basis (20 per cent, dry basis) the material compacted 50 per cent in 
that time. 

Cloroben had little effeet on the compacting of activated sludge 
over a period of several days. The activated sludge had a concentra- 
tion of 1 per cent solids and Cloroben was added in varying amounts 
trom 0 to 2 ee. per 100 ¢.c. of sludge, or on the basis of dry solids from 
0 to 265 per cent. An example with additions of a somewhat reasonable 
quantity of Cloroben shows the following: 


Cloroben, percent ..:... .. 2. ..8s. atic ig Reade ws otk, ; . 2.65 
Hours 
Settled Sludge Settled by Volume, per cent 
Dy one ; Syibe laeterponcter tas Deb ceo cers . eh es 
PO! Oia cs i SPAR ORES Mae aoe oe Rear a seeer oir eee se cees 70 
Pee Tage Mts Se oun Wins tog ateela Osta rage 60 anton oe cane 
120 : a RIN Sh aM Ca Sra ae Se Ree, 


162 ....... ee Sap stom ROM Nec anak ee er eee ee 2 
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In an effort to determine the effect on the rate of settling of 
activated sludge, a series of experiments were conducted with increas 
ing quantities of Cloroben. Activated sludge mixtures containing ap- 
proximately 2,000 p.p.m. suspended solids were treated with quantities 
of the solvent varying from 0 to 500 parts per million. During the first 
30 minutes the rate of settling increased with the quantity of Cloroben 
added. The difference between the tests and the control decreased 
materially after 60 minutes and there was practically no difference 
after two hours. The activated sludges used were in ‘‘good condi- 
tions’’ having a sludge index (per cent volume divided by per cent sus 
pended solids) of 15 in 30 minutes. It was interesting that even such 
rapidly settling sludge was affected by the material added. Ordinarily 
there would be no point in treating such rapidly settling activated 
sludge. An insufficient number of experiments with ‘‘poor’’ or 
‘*bulky’’ activated sludge does not allow the drawing of definite cou 
clusions. 
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Fic. 2.—Effect of Cloroben on chemical dewatering of sludge. 


Errect oN DEWATERING OF F’RESH SOLIDS 


Dewatering experiments with Cloroben were conducted to find if 
the solvent would aid in the removal of more water from the cake when 
added in approximately optimum quantities prior to iron salts. 

When small quantities of Cloroben were added to fresh solids of 7 
per cent concentration, followed by stirring and addition of ferric 
chloride, and filtration after 5 minutes under a vacuum of 21 inches, 
there was no effect. With increased quantities of Cloroben more water 
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drained off in the same filtration time than when no Cloroben was 
added. Results of a typical experiment, using 120 grams sludge (7 per 
cent solids) to which a large quantity of Cloroben (1.32 grams) was 
added after treatment with FeCl., are shown in Figure 2 in comparison 
with the same sludge receiving FeCl, only. After 10 minutes filtering 
the difference in filtrate amounted to 15 per cent. The weight of the 
wet eake was, for FeCl, only, 50.79 grams and for FeCl, plus Cloroben, 
42.07 grams. The cake with the Cloroben had a strong odor of the 
solvent. ‘Split treatment,’’ in which half of the iron salt was added 
immediately after the solvent was mixed with the sludge and the other 
half after 10 minutes, was less effective than adding all the iron salt 
in one dose immediately after the Cloroben was added. 


Errect on CoaGuLATION OF SEWAGE 


The turbidity and settlability of suspended solids of sewage were 
unaffected by the addition of Cloroben up to 100 p.p.m., followed by a 
4-hour contact period. With larger quantities the turbidity increased 
due to colloidal dispersion of the Cloroben, while the volume of settle- 
able solids increased, as the solvent separated and sank to the bottom. 


Errect oF Dispersion oF CLOROBEN 


Cloroben added to sewage has a tendency to form globules which 
settle comparatively rapidly. Dispersion of the material is necessary 
because reaction between the water-insoluble Cloroben and sewage 
particles is accomplished by surface action. From a practical stand- 
point this means proper dispersion by mechanical means or facilities 
for thorough mixing of the material with the sewage. Shaking of 
sewage-Cloroben mixtures was suecessful with small quantities of the 
latter, but with larger amounts such a method of dispersion did not 
prevent separation and settling. To determine the effect of dispersion 
of large quantities, alcoholic solutions of Cloroben were used. This 
means of obtaining proper dispersion is obviously impossible in prac- 
tice, both from the standpoint of cost and the inadvisability of adding 
large quantities of aleohol, and organic substance unstable in sewage. 
Since the results were rather significant, they were briefly summarized. 

A 10 per cent solution of Cloroben in 95 per cent aleohol was added 
to 2.5 liter samples of sewage, in quantities varying from 0 to 520 p.p.m. 
Cloroben. All samples were thoroughly shaken and analyzed after 4 
hours contact. The samples were then stored in open bottles for a 
period of 30 days and observations made at intervals. Some of the 
results are given in condensed form in Table II. The B.O.D. of the 
sewage before treatment was about 300 p.p.m., but due to the aleohol 
addition, it increased to over 400 p.p.m. No effect was noticed on the 
suspended solids or ammonia. Bacterial results were very similar to 
those obtained with undissolved Cloroben and only with large quantities 
of the material was the normal bacterial population affected. The 
odor of the sewage was changed by the addition of the smallest quantity 











42 SEWAGE WORKS JOURNAL January, 1936 


TaB_eE II.—Condensed Results on Effect of Distribution of Cloroben 


Cloroben Added, p.p.m 0 | 10.4 104 | 520 
Alcohol Added, p.p.m 2000 | 2000 2000 | 4000 
Suspended solids, p.p.m 280s} 280 280 | 280 
NH;-N, p.p.m 60 60 » 60 60 
B.O.D. (5-day), p.p.m >400 | >400 | >400 > 400 
Total Bacteria 20° C.—48 hrs., thous./c.c 3000 =| 2500 700 fas 
Total Gas Formers, thous./c.c 100 | 100 50 l 
B. Coli, thous./e.c 100 100 | 5D 10 
Odor* 4 hrs. S fs + fe st ¢ vst ¢ 
5 days as fs fs + fe st c 
30 days as fs fs | ste 
pH 4hrs 6.8 6.8 6.8 6.8 
30 days 4.5 8.2 | 8.3 7.6 
*S = Sewage, C = Cloroben, f = faint, st = strong, vst = very strong, a = acid or sour. 


of Cloroben, and when the Cloroben odor disappeared (5 days in the 
ease of 10 p.p.m. Cloroben) the odor of the remaining sewage was far 
less intense than the control and somewhat less than the original odor. 
In spite of the fact that, after 4 hours contact, bacterial numbers of the 
Cloroben treated sewages were not reduced with small quantities, the 
pH values remained constant or gradually increased, whereas the un- 
treated sewage registered a gradual decrease in pH values, so that the 
intensity of the sour odor became more and more pronounced. Little 
or no coagulation or floc formation occurred in the eontrol, while the 
suspended solids in treated samples appeared to be eurdled. It ap- 
peared that organisms responsible for acid decomposition were af- 
fected by the treatment to the extent that no accumulation of organic 
acids occurred. Decomposition proceeded at a slow rate, while a cer 
tain amount of clarification and coagulation took place without emana- 
tion of foul odors, producing a rather clear effluent. With the largest 
quantities of Cloroben, anaerobic digestion was practically prevented. 


Errect oF DIstripuTION OF CLOROBEN 


Trial experiments indicated that in order to obtain the most bene- 
ficial effect the Cloroben should be well distributed throughout the 
liquid. Various methods were tried. To liter samples of sewage, 
Cloroben was added and mixed gently, rapidly, violently for 5 minutes, 
air passed rapidly through the liquid from 5 to 30 minutes and the 
results compared with those in mixtures receiving 10 per cent Cloroben 
in aleohol, and with sewage receiving no treatment. 

The results indicated that addition of Cloroben to sewage without 
proper mixing was unsatisfactory. Best results were obtained with 
aeration, and/or rapid mixing of a 10 per cent solution in aleohol. Re- 
gardless of treatment there was no immediate tendency toward floc 
formation. With insufficient mixing it was observed that very fine 
droplets coalesced and settled, thus increasing the volume of settleable 
solids. Dispersion with an atomizer submerged into the liquid resulted 
in a Cloroben colloid that was dispersed sufficiently to remain stable for 
more than 30 minutes. 
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Errect on Arrosic DECOMPOSITION OF SEWAGE 


Kxperiments were undertaken to determine whether small quantities 
of Cloroben would affect the rate of aerobic decomposition in sewage 
oxidation devices and streams, in respect to suspended solids, oxygen 
consumed, B.O.D., nitrification and general respiration; and to deter- 
mine the effect of larger quantities of Cloroben on the retardation or 
inhibition of biological activities. 

Procedure.—One-liter samples of sewage were placed in aeration 
tubes and Cloroben was added in quantities equivalent to 0, 13, 200 and 
500 parts per million. Carbon dioxide-free air was passed into the 
hottom of the tubes in very fine bubbles, which insured intimate con- 
tact of the reagent with the sewage particles. The air was collected at 
the top of the aeration tubes and washed to recover any carbon dioxide 
evolved during the aerobic digestion of the sewage. Aeration was con- 
tinued for a period of 20 days and the CO, was determined daily, or 
whenever it was deemed necessary. Concordantly other determina- 
tions such as the nitrogens, suspended solids, B.O.D. and oxygen con- 
sumed values were made at intervals. 

Results—The composite results have been condensed and are given 
in Table II]. Summarizing the results it appears that: 

1. The reduction of suspended solids after 20 days was practically 
the same with or without treatment with Cloroben. The maximum 


TABLE II].—Condensed Results, Sewage Aeration (Aerobic Digestion) 


Cloroben, p.p.m. 


























Dig. 
Analyses | 
Days 
by 0 13 200 | 500 
Suspended Sol. p.p.m. 0 | 365 365 | 365 365 
20 | 162 | 167 | 153 | 181 
Reduction, per cent Jase 20 | 556 | 54.2 | 580 | 50.4 
Oxygen Cons., p.p.m.. 0 | 495 | 495 | 510 | 495 
5 | 228 | 247 | 268 | 307 
20 | 170 | 176 166 | 160 
Reduction, per cent 5 54.0 50.0 52.2 38.0 
20 65.7 | 64.4 64.0 | 67.6 
B.O.D., p.p.m...... 5 | 342 | 324 332 285 
15 | 502 | 469 147 425 
Reduction, per cent 5 - } coe | 3.0 | 16.7 
15 — | 66 10.9 15.3 
CO. Production, p.p.m. 1 | 130 126 119 19 
5 | 5388 | 547 | 616 522 
15 | 927 | 897 | 950 901 
NH.-N, p.p.m..... | 0 | 37.0 | 370 | 37.0 | 37.0 
5 | 0.25 | 0.25 0.25 | 20.0 
20 tr. tr. tr. tr. 
NO.-N, p.p.m.... : 0 tr. | tr. | tr | tr 
5 68 | 7.0 | 5 | 0.15 
2.0 





») P:pam... 
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Cloroben treatment showed 5 per cent less reduction of solids than in 
the control, which is within the experimental error. 

2. After five days the oxygen consumed value was considerably 
higher (25.8 per cent) with the largest amount of Cloroben. This in- 
dicates that the Cloroben had a retarding affect on the aerobie organ- 
isms, which effect disappeared on prolonged digestion. Quantities of 
Cloroben up to 200 p.p.m. had no apparent effect on oxygen consumed 
values. 

3. The B.O.D. figures indicate a slight retarding effect by increas- 
ing quantities of Cloroben. The effect appeared even after 15 days, 
although the maximum reduction (500 p.p.m. Cloroben after 5 days) 
was less than 17 per cent. 

4, During the first day of aeration there was a slight retardation 
of respiration with treatments of 13 and 200 p.p.m. Cloroben, while 
900 p.p.m. nearly inhibited digestion. With continuous aeration the 
effect became less, so that after five days the inhibiting action had been 
overcome. The gradual change or loss of inhibitory effect may have 
been due to loss of Cloroben by aeration. 





d. Most of the ammonium compounds (93 per cent) disappeared 
after the fifth day in all mixtures, except that of sewage and the largest 
quantity of solvent, where the reduction amounted to only 46 per cent. 
After twenty days only a trace of ammonia remained in all mixtures. 

6. Nitrite formation was very active in the mixtures, except that 
receiving the largest quantity of Cloroben. Nitrite formation was eve 
more active after five days in the mixtures with smaller quantities of 
solvent than in the control. Gradually the mixture receiving 500 
p.p.m. Cloroben became more and more active until after twenty days, 
when most of the nitrites had disappeared in the other mixtures, com- 
paratively large quantities were present. 


TaBLE 1V.—Carbon Dioxide Production of Mixtures in Mgrms. per Liter Sewage 


Time Cloroben, p.p.m. 
Period, Hr., from-to Interval, 
Hr. 
0 13 200 500 
O- 19 soe 19 130.0 126.5 119.0 19.0 
19- 48.... 29 150.7 155.1 1760 | 171.0 
48— 65. : 17 95.7 76.5 81.4 80.3 
65- 97... 32 111.1 138.6 | 129.8 173.8 
97-120.... 23 50.6 | 50.6 110.0 77.0 
120-148.... 24 ay ef 63.8 Ode | 17.3 
148-244.... 96 152.5 | 159.5 | 161.1 161.5 
244-388. . 144 184.6 126.5 | 115.5 170.5 
388-480. ....... 92 69.8 | 83.1 66.5 


7. Nitrate formation progressed more rapidly with the smaller 
quantities of Cloroben than in the control. With the larger amount 
of solvent, nitrate formation was first retarded and later stimulated. — | 
Kiventually the quantities of nitrate nitrogen became less, probably due 
to partial re-synthesis as microbial nitrogen, while a portion of the 1i- 
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trogen present as ammonium compounds, unstable organic nitrogen 
and nitrite nitrogen was volatilized as ammonia (very small quan- 
tities) and as nitrogen gas through the nitrite-amino-diazo reaction. 
Respiration—The progress of aerobic digestion is indicated by the 
carbon dioxide production of sewage to which different quantities of 
Cloroben were added. 
Results for different periods are given in Table IV, while the eumu- 
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Fig. 3. Effect of Cloroben on CO, production ot sewage. 


lative results are graphically illustrated in Figure 3. From the cumu- 
lative results it would appear that additions of Cloroben up to 200 
p.p.m. had a slight stimulating effect, while with larger quantities a 
slight retarding effect was exhibited. Close inspection of the curves 
shows that only one day was required under these conditions before 
the aerobie organisms had adjusted themselves to their new environ- 
ment in samples containing up to 500 p.p.m. Cloroben. In order to 
determine more clearly whether the effect of the Cloroben was con- 
tinuous or cumulative, the average velocity of carbon dioxide produc- 
tion at successive stages of aerobic decomposition was calculated, and 
the results expressed in milligrams of CO, evolved per hour (Table V). 
It is evident that the rates of CO, production of the samples which had 
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TaBLe V.—Average Velocity of CO. Production at Successive Stages of Aerobic Decomposition of 
Sewage (Mgrms. CO, Evolved per Hour) 





























Period Cloroben, p.p.m. 
| | 
Hrs.* | Hrs.t 0 13 200 | 500 
=e EEE et tii 
19 9.5 6.83 6.65 6.25 1.00 
29 23.5 5.18 5.33 6.05 5.90 
17 56.5 | 5.63 | 4.50 4.78 4.72 
32 | 81.0 3.47 4.32 | 4.05 5.42 
23 |} 1085 | 2.20 } 220 | 4.78 | 3.34 
24 132.0 2.15 2.66 | 2.38 1.97 
96 } 196.0 1.59 1.66 1.68 1.68 
144 316.0 1.28 0.88 0.83 1.22 
92 | 434.0 0.76 - 0.94 0.72 
| 





* The period over which a mean rate of CO: production was calculated. 
+ The hour at which a given mean rate most likely coincided with the actual rate. 
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Fig. 4.—Effect of Cloroben on aerobic decomposition of sewage. 


received 13 and 200 p.p.m. Cloroben were slightly lagging during the 
first 10 hours, and somewhat faster thereafter, reaching a low rate 
sooner than the control. The final quantity of CO, produced per liter 
of sewage in a given time was in all instances approximately the same. 
The stimulating and retarding effects on biological activity were espe- 
cially noticeable during the first 24 hours but had completely disap- 
peared by the fourth day of digestion. This action is more clearly il- 
lustrated in Figure 4, where the rates of CO, production of the control 
are compared with those of the sample receiving 500 p.p.m. Cloroben. 


EKFFECT OF ACTIVATED SLUDGE 


In prior experiments it was indicated that small quantities of Clo- 
roben gave a slightly more rapid rate of aerobic decomposition of sew- 











in 


s] 

















lord 


Vol. 8, No. J USE OF ‘‘CLOROBEN’’? IN SEWAGE TREATMENT 47 





age solids and that large quantities retarded aerobic decomposition. 
In another experiment small quantities of Cloroben retarded anaerobic 
decomposition. These two indications suggested the possibility of (a) 
stimulating the aerobic biological activity of the activated sludge 
process, and (b) prevention of deterioration of activated sludge dur- 
ing’ periods when air can not be supplied, such as during settling and 
compacting. 
STIMULATION 

Procedure.—To equal portions of fresh sewage and activated sludge, 
aerated in bottles, 0, 5, and 10 p.p.m. Cloroben were added at successive 
stages. The sewage was rather strong, containing approximately 500 
p.p.m. suspended solids, while the resultant mixtures of sewage and 
activated sludge in the aeration chambers contained from 1,300 to 1,400 
p.p.m. suspended solids. The mixtures were aerated for 4, 5, and 6 
hours prior to the determination of sludge settlability, oxygen con- 
sumed and turbidity of the effluent. The supernatant liquid was drawn 
off, additional treated sewage added and the process repeated a num- 
ber of times. The loading of the original activated sludge was pur- 
posely made excessive so that any differences in the capacities with 
and without Cloroben treatment would be more pronounced. The aera- 
tiou time was varied from 2.5 to 21.5 hours. 

Results——The differences between the treated and untreated sam- 
ples in the individual tests was very small. Typical average results 
were as follows: 


Cloroben Added, p.p.m..... oa 0 | 5 10 
Settling, 30 min., per cent 20.8 20.5 20.6 
Oxygen Cons., p.p.m. 93 100 99 
Turbidity : 51 49 46 


\ny differences which occurred were well within the experimental 
error. It is always of interest to note how much punishment activated 
sludge can stand, as indicated again by these experiments. 


RETARDATION 


Cloroben was added to activated sludge for the purpose of retard- 
rest periods’’ and thus preserve its 


ing anaerobic organisms during ‘‘ 
vitality. 

Procedure.—Returned activated sludge, collected from a New Jer- 
sey plant, was treated as follows: (a) aerated five days without sew- 
age, (b) stored in elosed bottles for five days, (c, d and e) treated with 
100, 200 and 500 p.p.m. Cloroben respectively and stored for five days. 
Mach mixture contained 9,300 p.p.m. suspended solids. After five days, 
seven volumes of fresh sewage were mixed with one volume of each 
of the treated sludges, and the mixtures were aerated until fairly sat- 
isfactory clarification and purification resulted. After one hour quies- 
cent settling the supernatant liquid was decanted and fresh sewage 














































al i a —- we SS Se Oe CSCS; = ae / R—m Re O we » yw mw 4149 © Ss ro f. 
oS 
S 
= W}BO1} SI} 10378 poarvaddesip .opo UIGO1O],) y 
UMOLG UMOIG UMOIG UMOLG UMOG] 1OJO,) 
Ct 6 rE OF Lf ‘urd'd “suoa % 
OF OF Ot OF Ot ‘wd ‘Ayipiqany, “qYy 2 
t'9I Q'S] 0Z 202 FIZ “IY Z/I I[}}98 JU Jog | “lov ‘osBMos Aq pooeidet pmb] 
; UuMOIG] UMOL UMOIG-YORI GT Youyg] youd ») 9] “}UOOSIP UOIZRBIOy 
a UuMOIG] UuMOLG UMOLG UMOAG UMOLEY LOJO,) 
Z. G& 9% 0G C'S 92 ‘urd'd “suoa *Q ‘IY [][ ‘408 
= ge] ZI Zl S| Zl urd-d ‘Ayrpiqany, ‘Mos AG pooda.t sprpos ‘dsng 
Py UMOIET UMOLE] UMOAET UMOLET 1O[O,) 
D ESE SIE (6% ‘urd'd “suoo *9 
% 0¢ 0z CT Z CT weded ‘Ayrpiqan y, «14 OL 
= op 0'6I rig LI 96] NY Z/ 1 “BUIT}JOS U9 Jag | ‘lov ‘oBumas Aq poovfdet pmbry 
2 - e eat h 
rat zee 8 wd'd “suo % 
13 FI FI urd-d ‘Aqyipiqany, 
= GPT Q LI t (Y Z/ | “SUI[}}OS JUV. d "IWS Bld’ ‘ap [S T “Mos 2 
= 
iS UIGOLOTO BUOLYS A 19} IG lopo 
T2 UMOJIG Uspfor) UMOLE] LOJO, ) 
lemnueBsy ‘OSuac] dT 1B BSBMOS BLOJOG vspnta 
‘urd'd goe ‘ur'd'd ooz u'd'd got 






OW 





L eApnig 





UdGOLOT, ) YFLM SABC] G Patoyg 


pny paypayop fo fisavooay Uo u 10.10),) fO Jo TA 




















Vol. 8, No. 1 USE OF ‘‘CLOROBEN’’ IN SEWAGE TREATMENT 49 


was added to the remaining sludge. After three such treatments, aera- 
tion was discontinued for sixteen hours and then fresh sewage was 
added, followed by aeration for seven hours. The suspended solids 
content of the sewage was about 150 p.p.m. and of each mixture ap- 
proximately 1,300 parts per million. 

‘The drastic treatment given all sludges prior to aeration obviously 
would occur rarely in practice, but if Cloroben prevented the deterio- 
ration of the adsorptive properties of the sludges to which it had been 
added, as well as preserved favorable environmental conditions for 
aerobie biological growth once oxygen was admitted, a more rapid rate 
of recovery could be expected than would .be found for septic sludge. 
lurthermore, if Cloroben had a stimulating effect on aerobie biolog- 
ical activities, better results would be expected over the sludge kept in 
condition by continuous aeration, but without the addition of fresh 
sewage. 

Results—The results of a series are shown in Table VI. It is evi- 
deut that the results indicate relatively insignificant differences in re- 
spect to purification. With increasing quantities of Cloroben the 
sludge density increased, but the sludge treated with the highest quan- 
tities of Cloroben gave comparatively inferior purification. From the 
standpoint of appearance, the golden brown color usually associated 
with a **good”’ quality of activated sludge was preserved in the sludges 
containing Cloroben and was destroved upon resting the sludge without 
(loroben. 

The quality of all effluents was very similar, except that which re- 
ceived the largest amount of Cloroben. As an example, the average 
oxygen consumed values for four runs were as follows: 


Cloroben, p.p.m. . 0 0 100 200 | 500 
Oxygen consumed . 32.1 33 28.3 32.6 41.3 





These results lead to the conclusions that 500 p.p.m. Cloroben treat- 
ment of activated sludge was somewhat detrimental, under the eondi- 
tions of these experiments. If it be assumed that the Cloroben was 
retained by the sludge, the largest quantity approximately added was 
) per cent on the dry solids basis, and if dispersed into the clarified 
sewage, the equivalents would be 62 p.p.m. for the first passage and 3 
p.p.m. for the last. The disappearance of the odor would be of interest 
if Cloroben were added to sewage and the treated effluent was passed 
ito streams used for potable water supplies. 


IiFFECT ON STORAGE OF ACTIVATED SLUDGE 
The purpose of the experiment was to determine the effect of Clo- 
roben on activated sludge stored for long periods. Storage of the acti- 
vated sludge may be desirable before disposal of the material into the 
sea or other bodies of water, or when placed in lagoons, in order to 
prevent nuisanees such as odors or fly breeding. 
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Procedure.—Returned activated sludge containing about 9,300 
p-p.m. suspended solids, having the typical golden brown color, was 
treated with 100, 200 and 500 p.p.m. Cloroben, on a volume basis, and 
stored in closed bottles for a total length of more than twenty days. 
Notes were taken at frequent intervals. At the start a slight solvent 
odor was present in the sample with 100 p.p.m. Cloroben, distinet with 
200 p.p.m. and strong with 500 p.p.m. Notes taken after five and again 
after twenty days are condensed and shown in Table VII. 

It is evident that the rate of anaerobic decomposition of activated 
sludge was retarded by Cloroben treatment of 1 to 2 per cent on the 
dry solids basis. This retardation was very pronounced with the addi- 
tion of 5 per cent Cloroben, resulting in very little biological activity. 


TaBsLeE VII.—Effect of Cloroben on Storage of Activated Sludge 


Cloroben, p.p.m. 0 100 200 500 
After 5 days | 

Color. Black Golden brown | Golden brown | Golden brown 

Odor... Foul Slight C Distinet C | Strong C 

GAB. 4.5.5 | Few bubbles Few in sludge | Few | None 

Supernatant. Turbid | Clear Clear | Clear 

Settling, 1/2 hr.*. .| 20 20 19 17 
After 20 days 

Color ..| Blaek Brown | Brown | Light brown 

Odor... | Foul | Slight C | Distinet C Distinet C 

Gas. . Freely gasif. Consid. Some | Very little 

Supernatant Very turbid Slightly turbid Faint turbid | Clear 

Sludge. . Thin, dispersed | On top, curdled | Curdled | Curd dispersed 

Settling, 1/2 hr.*. 80 50 25 | 10 





* Settling after shaking, per cent by volume. 


The curdling effect and subsequent condensing of the activated sludge 
after storage for twenty days is of interest in respect to discharge of 
sludge in large water bodies and possibly in connecting with certain 
types of lagooning. 
KFFECT ON STORAGE OF SEWAGE 

To determine the effect of Cloroben on prolonged storage of sewage, 
two-liter samples were treated with 0, 13, 50, 200 and 500 p.p.m. Clo- 
roben and stored in acid bottles fitted with Bunsen valves. Notes were 
taken at intervals for a period of thirty days. The results show that 
storage with 13 p.p.m. Cloroben prevented the production of odors for 
a period of twenty-five days, while addition of 200 p.p.m. or more ap- 
peared to produce sterilization, which was maintained for thirty days, 
when the experiment was terminated. The color of the sludge re- 
mained gray with all treatments; the supernatant remained clear with 
treatment up to 50 p.p.m. and eventually became turbid with the higher 
treatments. 

KiFFECT ON STORAGE OF Raw SLuDGE 


For the determination of the effect of Cloroben upon the decompo- 
sition of fresh sewage solids, batches containing approximately 5 per 
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cent total solids were treated with 500 p.p.m. Cloroben, or 1 per cent on 
the dry solids basis. The solids were placed in bottles and the CO, 
evolved by anaerobic decomposition was absorbed in alkali. Storage 
during the earlier days is of greatest interest, because no attempt was 
made to sterilize the material completely. Results after three and six 
days of storage were as follows, expressed in milligrams CO, evolved 
per 100 grams dry raw sludge: 


Days Storage. ........0..04.4| 3 6 (6 less 3) 


RERUN tre ie ea ek Sas eee 123.2 475.2 352 
Cloroben, 1 per cent.... oat 79.2 435.2 356 


The Cloroben-treated sludge formed a rather firm gel at the surface. 
Approximately 60 per cent was seum and the remainder light gray 
supernatant, while the control scum occupied the same volume, but was 
easily broken up by shaking. The supernatant had a vellowish gray 
color. ‘The decomposition of the gray solids was retarded during the 
first three days but not thereafter. The odor of the treated sample 
was masked by the Cloroben, but after the sixth day the combination 
odor of stale solids and Cloroben was distinctly disagreeable and pos- 
sibly not less vile than that of the stale sewage solids. It appears, 
therefore, that one per cent of Cloroben, on the dry solids basis, re- 
tarded decomposition for a few days but was not effective in decreas- 
ing or masking completely the odor of stale sewage solids after six 
days, nor preventing septicity of fresh solids for more than three days. 


KFFECT ON SLUDGE DIGESTION 


In order to determine the effect of comparatively large quantities 
of Cloroben on, the digestion of properly seeded fresh solids, from the 
standpoint of the rate of decomposition, fresh solids were seeded with 
ripe sludge on a 1:2 basis and allowed to undergo anaerobic decompo- 
sition at 28° C. The first stage of digestion is of greatest interest; 
the course of digestion is indicated by the amount of CO, given off per 
100 grams total solids in Table VIII for the first three and one-half 
and seven days of digestion. 


Tasie VIII.—Effect of Cloroben on CO, Production of Digesting Mixtures 


| Milligrams CO, per 100 Grams Dry Solids 


Cloroben, Per Cent | 
on | ry Solids Basis a aos : Aiea ee <n at a —_ 7 aa 
| 314 Days 7 Days | 314 to 7th Day 
0 | 1245 | 2750 | 1505 
0.2 712 | 2005 1293 
0.4 652 1835 1183 
I 603 1855 | 1252 
2 590 1875 | 1285 
3 1215 807 
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Results—A marked retardation of digestion occurred during the 
first three to four days of digestion with 0.2 per cent Cloroben, on the 
dry basis, or approximately 100 p.p.m. Only about half as mueh CO 
gas was evolved when the treatment varied between 0.2 and 2 per cent 
Cloroben. When 3 per cent Cloroben was added a further reduction, 
amounting in total to 66 per cent, occurred. After three days most of 
the retarding effect was lost, with treatment under 3 per cent, while 
the highest treatment still showed a 56 per cent reduction over the con- 
trol. ; 
On the sixth day the samples were thoroughly shaken and the dis- 
tribution of the solids observed the following day. With the exception 
of the highest Cloroben treatment, in which 80 per cent of the solids 
were at the bottom and the remainder as supernatant, all samples 
showed approximately the same solids distribution, namely 50 per cent 
sludge, 25 per cent scum and 25 per cent supernatant. 

The retarding effect on anaerobic decomposition of these relatively 
large amounts of Cloroben, which in effect ‘‘weigh down’’ the solids, 
was shown by the absence of rapidly forming gas bubbles in the sludge. 
This allowed more compacting of the solids until gas bubbles of suffi- 
cient size and number were formed to exert their bouyvant force. 


CoMPARISON OF Krrect OF CLOROBEN AND CHLORINE ON ODORS 


It was thought of interest to make some preliminary experiments 
on the relative effect of Cloroben and chlorine on the odor production 
of sewage when incubated under anaerobie conditions. 

Samples of sewage were treated with equivalent weights of Clo- 
roben and chlorine amounting to 0, 5, 10, 20 and 40 p.p.m. and obser- 
vations made from time to time on odor, H.S production, turbidity, 
flocculation and pH. 

A perusal of the results obtained indicates that even the smallest 
quantities of Cloroben masked the odors, but that there is no conclusive 
evidence that Cloroben reduced odor or H.S production, with quantities 
up to 10 p.p.m., for more than two days. The same holds true for 
chlorine. After four days incubation considerable H.S had been 
formed in the mixtures receiving 10 p.p.m. Cloroben or chlorine. 

The addition of 20 p.p.m. Cloroben masked effectively and/or re- 
tarded anaerobic decomposition sufficiently to prevent odor production 
for four days. An equivalent quantity of chlorine reduced the odor 
somewhat after four days incubation. An amount of 40 p.p.m. Cloro- 
ben distinctly changed the original odor and this change persisted dur 
ing the period of the experiment (five days). An equivalent quantity 
of chlorine gave a slight residual and prevented H.S production but did 
not materially change the original sewage odor. 

The preliminary evidence indicated that Cloroben had an original 
effect over chlorine in masking whatever odors were present and caus- 
ing less dispersion of solids. 

On the basis of the preliminary investigations further work was 
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conducted to determine whether small quantities of Cloroben intimately 
mixed with sewage were effective in preventing the production of 
hydrogen sulphide, and to note the effectiveness of Cloroben compared 
with chlorine. 

As nearly as possible, the experiments were conducted to duplicate 
what occurs normally in sewers, 7.e. the treatment with Cloroben and 
chlorine was followed after one hour detention by ‘‘re-seeding,’’ by 
the addition of organisms capable of reducing sulphates to hydrogen 
sulphide, which normally are present in sewer films. 

Procedure.—Cans containing 40 liters of strong sewage, collected 
from the Plainfield, N. J. sewage plant, were treated with 4 grams of 
ammonium sulphate and aerated violently for 30 minutes to remove 
most of the H.S originally present. Portions of the sewage (500 e.c.) 
were treated with 10, 15 and 18 p.p.m. chlorine so that after 30 minutes 
standing these samples contained 0, 0.2 and 0.6 p.p.m. residual chlorine 
by the ortho-tolidine test. Four liters of sewage were then transferred 
into each of nine, 2 gal. carboys and treated as follows: Bottle No. 0, 
blank Nos. 1, 2, 3, and 4, treated with 5, 10, 15 and 30 p.p.m. chlorine 
or 33.3, 66.6 100 and 200 per cent of the chlorine demand, respectively. 
sottle numbers 5, 6, 7 and 8 were treated with 5, 10, 15 and 30 p.p.m. 
Cloroben. After one hour, each bottle received 25 ¢.c. of a H.S-free 
suspension culture of H.S producing organisms. Ten minutes after 
the addition of the eulture to the sewage the residual chlorine in bottles 
number 3 and 4 was 0.1 and 1.0 p.p.m. respectively. The treated sew- 
ages of each carboy were then transferred to stoppered bottles of about 
one-liter capacity. Care was taken to eliminate air bubbles. The 
bottles were ineubated at 20-22° C. and at intervals the H.S determined 
by transferring the contents of a bottle into a tube, making acid with 
HCl and determining the evolved H.S. 

Results.—The quantities of total sulphides, after 2, 4 and 5 days in- 
cubation in the untreated and treated sewage samples, are given in 
Table IX. The sewage samples contained initially considerable sul- 


TasLe I[X.—Effect of Chlorine and Cloroben on Total Sulphides (Results in P.P.M.) 


Treat- 


ment, 0 5 10 ES 30 

p.p.m 

Days Cl, Clor. Cl. Clor. Cl; Clor. Cl. | Clor. 
0 1.44 0.0 Ie 0.0 1.1 0.0 LZ 0.0 | Ld 
2 14.0 7.3 5.0 4.7 1.3 2.75 4.3 0.4 | 3.3 
} 30.9 251 10.0 16.3 12.1 12.7 10.1 4.7 5.2 
5 30.9 3 14.1 12.6 12.8 6.6 7.3 


4.6 20.2 25.9 











phides, which even with 30 minutes violent aeration could not be com- 
pletely removed. Undoubtedly most of the initial sulphides were 
present in combined form, such as CaS or FeS. 
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Sulphide production was very rapid in the control samples and 
after the fourth day apparently all inorganic sulphates had been re- 
duced. The sulphate enrichment described in the procedure was 
equivalent to about 25 p.p.m. H.S. 

Treatment with 5 p.p.m. chlorine and Cloroben caused a marked 
reduction in sulphide production during the first few days. Cloroben 
appeared to have a greater retarding effect, which was maintained for 
a longer period. The same comparisons hold for the addition of 10 
p.p.m., which for chlorine treatment represents an initial partial 
chlorination or a treatment of 67 per cent of the chlorine demand. The 
initial retardation was more pronounced with 10 p.p.m. chlorine treat- 
ment than with 5 p.p.m. With treatments equivalent to the chlorine 
demand (15 p.p.m.) there was little difference in the retarding effect 
of chlorine and Cloroben. It appears that the chlorine reacted with 
the combined sulphides, which accounts for the differences between 
chlorine and Cloroben treatment after two days. 

It is important to note that approximately equal retardation was 
obtained during the first four days, regardless of whether the Cloroben 
treatment was 5, 10, or 15 p.p.m. With additions of 200 per cent of the 
chlorine demand only relatively small increased retardation took place. 

The results in Table LX give the cumulative effect over rather long 
periods. Calculating the rate of sulphide production, particularly for 
periods more comparable to the time the sewage actually flows through 
the sewers, is perhaps of greater interest. Assuming the destruction 
of initial sulphides by chlorine and no destruction by Cloroben, the 
average rates of sulphide production per 12-hour interval has been 
computed and is shown in Table X. 


TABLE X.—Average Rate of Sulphide Production per 12 Hours 


Treatment, p.p.m. 0 dD 10 15 | 30 
Hours Cl | Clor. | Ch | Clor.| Ch | Clor. | Ch | Clor. 
eee B15 | 1.82 1.25 | 1.17 | 0.97 | 0.69 | 0.72 | 0.10 | 0.45 
48-06....... 1.22 145 | 1.25 | 2.90 | 1.70 | 2.50 | 145 | 1.07 | 0.49 
96-120..... 0.0 1.75 5.1 1.35 | 0.95 | 1.55 


4.80 | 1.00 | 0.0 





The average rate of sulphide production for either chlorine or 
Cloroben treatment was not constant, but decreased with dosage and 
increased with time. This is more clearly illustrated in Figure 5, 
where the rate of H.S production per 12-hour periods is plotted against 
the dosage. The figures presented represent the mean rate at ap- 
proximately half of the time intervals considered. For example, the 
average rate of H.S production reported for 5 p.p.m. Cl, treatment for 
the first 48 hours was 1.82 p.p.m. per 12 hours, which was the approxi- 
mate rate during the 18 to 30-hour interval. -Sinee the rate was in- 
creasing with time it can be assumed that the rate from 0 to 18 hours 
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was less than 1.82 p.p.m. and likewise the rate from 18 to 48 hours was 
ereater than 1.82 p.p.m. 
flow is rapid, Cloroben treatment equivalent in weight to from 33.3 to 
100 per cent of the chlorine demand, appears to be as effective as 
chlorine, and with treatment to 
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Fig. 5.—Effect of Cloroben and chlorine upon H,S production of stale sewage. 


the chlorine is somewhat more effective than Cloroben. 


Over longer 


periods of contact the Cloroben treatment appears to be more ef- 


feetive. 


SUMMARY AND GENERAL CONCLUSIONS 


Laboratory experiments were made to determine the effect of 
‘‘Cloroben’’ (essentially ortho-di-chlorbenzene) upon the coagulation, 
odor control, settlability, bacterial reduction, aerobic decomposition, i 
storage, and staleness of sewage; the effect of Cloroben upon the i 
settling and compacting rate and biological activities (stimulation and 
retardation) of activated sludge; the effect on storage of fresh solids 
and activated sludge; the effect on sludge digestion; the comparative : 
effeet of chlorine and Cloroben on odor control; and the effect of dis- 


tribution of Cloroben in sewage. 
This preliminary work indicates in general that: 
1. The odors produced by septic sewage, or present in open or closed 
sludge tanks, are masked by the addition of Cloroben. 
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2. Small quantities have no effect on anaerobic digestion. Larger 
quantities of Cloroben retard or inhibit it. 

3. Large quantities of Cloroben retard the aerobic decomposition of 
sewage and sludge. 

4. Cloroben in small amounts has little or no detrimental or stimu- 
lating effect on the efficiency of activated sludge. 

d. Stored activated sludge is kept in ‘‘good condition’’ for at least 
five days and a clear supernatant may be decanted, with additions of 
100 p.p.m. Cloroben. This treatment produces no apparent change in 
the settling properties of the sludge. Treatment with larger quantities 
of Cloroben kept the sludge in good condition for a longer period. 

6. A Cloroben treatment of 13 p.p.m. permits storage of sewage 
for 25 days without septicity. 

7. Cloroben does not prevent odors or septicity of fresh sewage 
solids for longer than three days when 1 per cent Cloroben (on dry 
solids basis) is added. 

8. Cloroben has a temporary inhibitory effect on the digestion of 
properly seeded sludge. 

9. Cloroben intimately mixed with sewage in quantities varying 
from 1/3 to 2 times the chlorine demand persistently retards sulphide 
production in sewage for four days or more. Compared with equiva- 
lent weights of chlorine (to satisfy 33 to 100 per cent of the chlorine 
demand) Cloroben is more effective than partial chlorination in pre- 
venting the formation of H.S over periods of from 4 to 5 days. 

10. Super-chlorination is more effective than an equivalent weight 
of Cloroben. Cloroben treatment should oceur prior to sulphide pro- 
duction, 7.e. while the sewage is fresh. 

11. Chlorine destroys the initial sulphides, but retards sulphide 
production to a lesser extent than Cloroben. 

12. Cloroben must be well distributed in sewage to prevent the 
coalescing and settling of the material. 

13. By inhibiting anaerobic microbiological activity, with its at 
tendant gas formation, which causes the solids to float and prevents 
compacting of sludge, Cloroben treatment affords an efficient means of 
obtaining a greater solids concentration in sludges. 

14. Cloroben aids somewhat in the chemical dewatering of sludge. 
































Plant Operation 


OPERATION OF SLUDGE GAS ENGINES * 


By SAMUEL A, GREELEY AND C. R. VELzy 


Greeley and Hansen, 6 No. Michigan Ave., Chicago, Ill. 


GENERAL 


The installation of engines to use sludge gas for power has been 
¢radual and has been developed along conservative lines. During the 
last four or five vears, the development has been much more rapid than 
formerly. 

As early as 1907, an engine was operated at a leper colony at Bom- 
hav, India, using sludge gas. This was, of course, a small installation 
and did not lead to any further development at that time. 

About 1921, an engine of 25 brake H.P. was installed at Birming- 
ham, HMngland. This was so successful that a 150 H.P. engine was 
installed in 1927, followed by the installation in 1928 and 1930 of two 
more engines each of 400 H.P. Since that time, one 540 H.P. engine 
and two 120 H.P. engines have been installed at Birmingham. 

Within the last five vears, Berlin, Germany, has also taken ad- 
vantage of the savings resulting from the use of sludge gas in engines. 
In one of their plants, there are two 500 H.P. and one 750 H.P. gas 
engines and in another plant, there is an additional 750 H.P. engine. 

In this country, one of the earlier installations was at Charlotte, 
N.C. Most of the first installations were relatively small units and 
were made with engines normally used with gasoline and adapted, by 
minor changes, for the use of gas. The Charlotte engines were of 
this type. The first major installation of a strictly gas type of engine 
was that at Springfield, Ilinois, installed in 1932 and started in apera- 
tion in January of 1933. ? 

The list of major gas engine installations has grown until it now 
comprises those shown in Table I. Within a few months, there will 
be nine installations in the United States of engines using sludge gas, 
with a total of 4292 installed horse power, ranging in size from 100 to 
200 horse power. There are many smaller installations, in addition 
to those given in the list. 


GrapuaL DEVELOPMENT 
When engines were first installed, engineers were handicapped by 
lack of definite information on the quantity of gas available, its rate of 
production and the variations in the rate of production, analyses of 
the gas ineluding the heat content, the effect of hydrogen sulphide and 


* Presented Before the Fall Meeting of the California Sewage Works Association, Palo 
\lto, September 23, 1935. 
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TaBLE I.—/nstallations of Engines Using Sludge Gas, September, 1935 





























" | No. Horse Year bs 
City | Units | Power | Installed | Driveng 
Operating Prior to September, 1935 
| | 
Birmingham, England 1 | 150 | 1927 Generator 
1 400 1928 re 
l | 400 1930 
1 540 1934 
2 120 1934 
Berlin, Germany 
Wassmannsdorf Plant 1 750) | Between | Generator 
Stahnsdorf...... 2 500 + | 1927 and 5 
1 750} | 1932 
Charlotte, N. C.. I | 225 1928 Blower 
1 75 1928 Pump 
Rockville Center, N. Y. 1 | 30+ | 1930 | Blower 
l 40+ | 1930 Generator 
San Bernardino, Cal... . 1 40 | 1930 Generator 
Springfield, Ill... .. 1 180 1932 Blower 
] 157 1934 " 
Los Angeles Co., Cal... 1 200 1935 Pump 
Cedar Rapids, Iowa. . 1 230 1935 Generator 
Proposed and Under Construction 
l l l 
Madison, Wisconsin. na 1 | ‘230 | 1935 | Blower 
Ann Arbor, Mich... ene ] | 120 | 1935 | i 
Peoria, TH... .... ey 1 |} 550 | 1935 
l | 300 | 1935 | Generator 
Coney Island, N. Y.. 3 | 300 | | Generator 
District of Columbia. . . 1 | 1200 ‘| | Generator 





other impurities, on engine parts, and the like. There is still need 
for more of such information, but the development has been along 
conservative lines. 

The foregoing kind of information is also helpful in the selection’ 
of auxiliary equipment. In order to use the maximum of gas produced, 
it is necessary to provide some storage to level out the variations in the 
rates of production and use of the gas. In order to determine ac- 
curately the amount of storage required, it is necessary to have com- 
plete information on the variations in the rate of gas production. 

Inasmuch as the composition of the gas varies at different plants 
and from day to day at the same plant, full information on gas analyses 
is helpful in estimating the value of a proposed installation. In the 
ease of impurities, particularly hydrogen sulphide, it is essential to 
have a good record of gas analyses in order to determine whether or 
not the gas should be purified before being delivered to engines. With 
normal sewage, there has not been any evidence of corrosion of engine 
parts by hydrogen sulphide. 


AUXILIARY EQuIPMENT 


The auxiliary equipment usually installed with engines using sludge 
gas includes air starting equipment, heat recovery boilers, circulating 
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pumps, and occasionally oil purifying equipment. By the use of ex- 
haust heat boilers, that portion of the heat in the gas not used for 
power may be largely recovered and used to heat digestion tanks and 
buildings. In this manner, from one-half to two-thirds or more of the 
available heat in the gas is put to useful purposes. Some additional 
cooling equipment is usually required to waste that portion of the heat 
no? needed for heating purposes. 

It appears proper in any installation of perhaps 100 H.P. or more 
to provide a centrifuge or other effective means of purifying the lubri- 
cating oil to eliminate the waste of oil which would otherwise result. 
[t is often found that the oil purifying equipment can be used for the 
lubricating oil of other machinery about the plant. 


Service to Wuicw Enotnes Have Been Appiiep 

Kingines using sludge gas have been used to drive electric genera- 
tors, air compressors and pumps. The engines at Birmingham, Kng- 
land, and Berlin, Germany, drive generators. In this country, the 
major installations have been in connection with activated sludge 
plants, and, therefore, engines have been generally used directly on 
air compressors. There are a few installations where engines are 
directly connected to centrifugal pumps. An installation of two 75 
l1.P. sludge gas engines for this service is now contemplated for 
Aurora, Illinois. 

The characteristics of these various services are worthy of some 
comment. For generator drives, the engine generator unit operates 
usually considerably below full load most of the time and operates at 
constant speed. This simplifies the installation, in some respects, but 
results in poor fuel economy at partial load, due to the low mean effec- 
tive pressure. 

In driving a centrifugal pump, there is likely to be less variation 
in load, and the installation can be designed so that it will operate near 
the full load of the engine. This is usually a constant speed unit or 
very nearly so, and in that respect, is relatively simple. 

In the direct drive of air compressors, the possibility of varying 
the speed offers opportunity of fuel economy but introduces difficulties 
with critical speeds. Such a design provides a unit of great flexibility 
which ean be regulated to the amount of air required by variations in 
the quantity and characteristics of the sewage treated. It is a charac- 
teristic of positive displacement blowers which are usually used on such 
units that the horse power is directly proportional to the speed and so 
to the amount of air delivered. To the engine, this means that it will 
always operate at the mean effective pressure designed for full load. 
This results in fuel economy and high efficiency for all conditions. The 
speed variation, however, involves a problem of critical speeds which 
must receive very careful consideration by the designer. 
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Features oF Destian AFFECTING OPERATION 


There are a number of features of engine design which more or 
less directly affect the operation of engines using sludge gas. This 
is particularly true because the engines so often are installed for 24- 
hour service. 

When an engine is installed to drive an air compressor in an act- 
ivated sludge plant, particularly if there is only one engine, it is im- 
portant that it run continuously as nearly as possible. To accom- 
plish this, those features of engine design which affect maintenance 
should be carefully considered. The item of valve grinding is a case 
in point. If the valves must be ground on the engine, it means that the 
engine must be out of service for a period of time sufficient to grind all 
of the valves. - If, on the other hand, the valves are in removable eages 
or in the eylinder head, it is possible to remove the valve units of one 
eylinder and replace them with spare units in good condition and thus 
interrupt engine operation for only a few minutes. This can be done 
during a night shift or at any time when such a short interruption will 
be least harmful. In this manner, the service for which the engine 
is used can be maintained without the use of any auxiliary power. In 
the smaller engines, the valves are usually installed in the heads and 
in the larger ones, in valve cages. It is also desirable, in some cases, 
that the engine design be such that the eylinder heads can be readily 
removed and replaced without dismantling the manifolds or other parts. 

Ingines should be designed to permit easy access to connecting-rod 
bearings. Main bearings should be designed so that they can be 
renewed without removing the crank shaft. This requires that the 
lower bearing shall be secured in the supporting frame by means of 
end flanges rather than dowel pins so that its shell ean be rotated 
around the shaft. 

It appears to be advantageous, particularly in the larger engines, 
to use cylinder liners so that excess wear in the evlinder will require 
replacement of a liner only, rather than a complete evlinder. This is 
the type of construction which is now largely being used in the so-called 
box-frame type of engine. 

The engine should be equipped with the ordinary safety devices 
which will automatically stop the engine in case of low oil pressure, 
excessive oil temperature, failure of cooling water supply or excessive 
temperature thereof. It is also advisable for the operator to make 
a routine check of the pressures in the various cylinders by a suitable 
pressure indicator. This is helpful in indicating the need for valve 
grinding. 

When an engine is used to drive an air compressor, it is convenient 
and helpful to be able to operate the unit over a reasonable range of 
speed in order to give the maximum of flexibility in meeting the air 
requirements of the plant. Considering daily variations in load and 
the gradual building up of the load over a term of years, it is often 
found that a blower unit should have a range of speed from normal 
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down to 50 per cent of normal. This feature brings up the very im- 
portant question of critical speeds. The problem is complicated by 
having the engine and blower direct connected. This means that the 
computations for critical speeds must include the rotating parts of both 
units rather than those of the engine alone. It is desirable, if not 
essential, that the major critical speeds be entirely avoided within the 
operating range of the unit. It is not always possible to avoid all the 
undesirable criticals. In that ease, they should be carefully determined 
and marked on a suitable speed indicator so that the operator can avoid 
operation at the critical speeds. 

Related to the question of critical speeds is that of vibration, in 
general. It is, of course, desirable to mount an engine on a foundation 
block, separate from any building foundation. In this way, the vibra- 
tions resulting from normal operation and from minor critical speeds 
are isolated from the building. A separate foundation block is not 
always possible. In that case, particular care must be taken to dampen 
vibrations by means of mass in the engine base, and in many cases, by 
using some insulating material such as cork or even a spring-mounting 
to isolate the engine from the building structure. 

The continuous operation which is usually required of engines in- 
stalled in sewage treatment plants points to the need of restricting the 
engine design to conservative limits. This involves such questions as 
speed both in R.P.M. and in piston speed, allowable mean effective pres- 
sure, bearing pressures, sizes of various parts, and in important in- 
stallations, the experience of the manufacturer in designing and build- 
ing engines of this type. It is known that the present tendeney in 
engine design is toward higher speeds and, in some cases, to lighter 
weights. These developments have their proper place and have been 
accelerated by the introduction of the Diesel engine into locomotive 
service. For service in sewage treatment plants, however, it still ap- 
pears best to use conservative designs. This will limit the piston speed 
to about 1000 or 1100 feet per minute and the brake mean effective 
pressure to about 70 pounds per square inch. It is considered good 
practice to limit the crank shaft diameter to not less than one half of 
the cylinder diameter. 

The question of the number of cylinders should be considered ac- 
cording to the requirements of any particular job. It is well known 
that six-cylinder engines or those having any multiple of three above 
six generally have a finer balance and minimize vibration. Where an 
engine must be set on a building floor, it is, therefore, desirable to use 
six cylinders in order to reduce the problem of vibration control. 

The choice between two and four-cyele engines involves the question 
of heat recovery. For recovering heat from exhaust gases for heating 
sludge tanks or buildings, a four-cycle engine is generally better than a 
two-eyele. A four-eyele engine will produce exhaust gases having 
temperatures from 700 degrees F. to 900 degrees F., while the exhaust 
gases from a two-cycle engine are more likely to be 300 degrees F. 
to 400 degrees EF. because of the volume of scavenging air required, 
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OPERATING RESULTS 


Operating records from the major installations of sludge gas engines 
now in operation show the results to be expected. 

Engines of this type and of conservative design may be expected to 
give continuous service with very little time out for maintenance and 
repair. Operation will be interrupted by valve maintenance and by 
various emergency repairs, most of which are minor in nature. These 
minor interruptions include replacing valve springs, replacing spark 
plugs, occasionally replacing a magneto, and the like. Where valves 
can be removed in assemblies, the maintenance of valves constitutes a 
minor interruption but if valves must be ground in place, this service 
will require an interruption of about one 8-hour shift every three or 
four months.- It appears reasonable to expect, however, that engines 
of this type built on conservative lines and with proper attention in the 
design to those maintenance details involved in this particular service 
may be expected to remain in operation 95 to 98 per cent of the time. 

To aid in maintaining continuous operation, certain spare parts 
should be kept ready for prompt replacements. A list of such parts 
should include spare spark plugs, one or two valve assemblies, valve 
springs, gaskets, magneto, and the like. 

The cost of repairs and supplies for engines operating on sludge 
gas, provided the engines are of conservative design, may be expected 
to be relatively low. A common figure, used for estimating purposes, 
is $2.00 per brake horse power per vear. Springfield, Illinois, reports 
for one year of operation a cost of $168.00, amounting to $1.40 per brake 
horse power per vear. This includes $120.00 for labor of attendance 
which more than covers valve grinding. It would appear that with 
provision for and eareful attention to cleaning the lubricating oil, the 
use of a gas free of or low in hydrogen sulphide and with due attention 
to other elements of good operation, this item can be kept within $2.00 
per brake horse power per year. 

An engine of this type is expected to produce, under an acceptance 
test, about one horse power hour for every 10,000 B.T.U. supplied in the 
fuel. The fuel rate will, of course, vary with the condition of the valves 
and the per cent of the full load. For sludge gas having an effective 
heat content of 600 B.T.U. per cubie foot, therefore, an engine will con- 
sume about 17 cubic feet per brake horse power hour. <A test on the 
first engine installed at Springfield, Illinois, showed a gas consumption 
varying from 17.2 to 20.1 cubie feet per brake horse power hour for a 
mean effective pressure varying from 66.1 to 51.7 pounds per square 
inch. The engines at Birmingham, England and Berlin, Germany, were 
guaranteed to produce one brake horse power per 20 cubic feet of 
sludge gas. 

The savings accomplished by some of the major installations are 
worthy of note. Birmingham reports that for the period of 1927 to 
1933, inclusive, the value of power produced by the engines was 31,620 
pounds sterling, and the total cost of operation including interest and 
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maintenance was 18,209 pounds, resulting in a net saving of 13,416 
pounds for the period. In Germany, it is reported that several plants 


produce all the power required for operation, including in a number of 
cases power for aeration. Springfield, Illinois, reports that for 21 
months of operation in 1933 and 1934 their 180 horse power engine has ‘ 


produced on the average 60,000 K.W.H. per month. They report: 
‘‘During the past 21 months our operating expenses have been remark- 
ably low, averaging less than $100 per month for interest, depreciation, 
oil, repairs, and materials, and labor of maintenance. So far as the 
engine alone is concerned, it has paid for itself two times in the one and 
three-quarter years.’’ 
Similar saving’s are indicated in studies which have been made on 
engine projects now being installed. i 


SUMMARY 


In summary, it may be said that the record of major installations of 
engines to use sludge gas, beginning at Birmingham, England and in 
Germany, and now making relatively rapid progress in the United 
States, has established the soundness of the general procedure of utiliz- 
ing sludge gas for power. There is need for more data on gas produe- 
tion and characteristics in order to make wise selections, not only of 
engines but of auxiliary equipment. The nature of the service to which 
vas engines are applied indicates that conservative engine design 
should be used and due consideration given to elements of design af- 
fecting maintenance cost. Records of operation in England, Germany, 
and the United States show definite savings in the cost of sewage treat- 
ment plant operation by the installation of gas engines to use sludge 
vas for power. 














OPERATION OF A 200-HORSEPOWER GAS ENGINE 
USING SLUDGE GAS FOR FUEL * 


By C. F. Tennant 


Chief Operator, Los Angeles County Sanitation Districts 


In recent years the gas engine has begun to assume a place of im- 
portance as a prime mover in sewage disposal plants, using the gases 
of sludge digestion as fuel. There are a number of such units in the 
United States and Europe which have been placed in successful opera- 
tion during the past decade and which have demonstrated that the cost 
of power generated by such means can compete successfully with all 
but the very lowest electrical power rates. This paper discusses, from 
an operator’s viewpoint, the first four months’ experience with such 
an engine recently installed at a Southern California plant. 

On May 4, 1935, a 200-horsepower Clark gas engine (Fig. 1) was 





200-H.P. Clark engine installed at the Los Angeles County Sanitation Districts’ Treatment 
Plant, using digester gas for fuel. 


placed in service at the treatment plant of the Los Angeles County 
Sanitation Districts, to supply power for pumping the effluent through 
four miles of 36-inch concrete line at from 15 to 25 pounds pressure. 
The engine is of the vertical, 6-in-line type, of the conventional 4-cycle 


* Presented Before the Fall Meeting of the California Sewage Works Association, Palo 
Alto, Sept. 23, 1935. 
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i, head design, both valves being on one side and operated by a common 
cam shaft. The eylinders are 9-inch bore and extend low enough so 
that the skirt of the piston is never exposed. The pistons are of 
aluminum, have an 11-inch stroke and are each provided with five com- 
pression rings, two oil rings and one wiper ring. The compression 
ratio is 5.8) to 1, giving a compression pressure of 135 pounds per 
square inch. Oil is pumped through rifle drilled crank shaft and con- 
necting rods to all working parts of the engine at 30 pounds pressure 
after being filtered and cooled. An independent auxiliary oil system 
supplies oil under pressure to the high pressure side of the cylinders. 
The ignition system consists of a single unit high tension magneto and 
airplane self-cleaning spark plugs set in the center of the head. The 
cooling water is pumped through 200 feet of 2-inch steel water pipe 
submerged in the effluent wet well. The average operating temperature 
of the cooling water is about 130 degrees F. The unit is housed in a 
low metal building and the summer sun exercises a strong influence 
upon the operating temperature. Operating speeds range from 370 
to 550 R.P.M., developing from 70 to 200 H.P. The total daily power 
output is about 4000 H.P., hours. 

The engine is started with air compressed to 185 pounds pressure 
by a small electrically driven unit. Starting is about as simple as start- 
ing a motor car, once the peculiarities of the gas and of the engine have 
been discovered. Our experience parallels that of Haseltine * as re- 
vards difficulty in starting due to changing gas quality. Sludge gas has 
a narrow firing range and the gas-air ratio must be nearly correct 
before combustion will occur; therefore it is essential that the starting 
unit have sufficient capacity to keep the engine in motion long enough 
for the operator to discover the firing range of the gas available at the 
time of starting. The gas-air ratio is easily changed by varying the 
air supply admitted through a butterfly choke valve in the air intake. 
The gas-air ratio is at times changed while the engine is operating as 
and when the gas quality varies sufficiently to indicate the desirability 
of such a change. 

The engine is directly connected by a flexible coupling to a 22 by 
18-inch Fairbanks-Morse, horizontal centrifugal pump. No clutch or 
other means of disengaging the pump and engine are provided. This 
arrangement works very well since the pump has very little drag until 
the engine gains momentum. The pump is of the bottom suction, split 
case type and when operated at top speed of 550 R.P.M. will deliver 
12,500 gallons per minute at 25 pounds line pressure. When operated 
at the lowest operating speed of 375 R.P.M. the output is 6300 gallons 
per minute, permiiting an operating range of 6200 gallons per minute. 
When used for pumping, the variable-speed feature of a gas engine is 
very convenient as compared with constant-speed electric motors. As 
the sewage flow varies, the pumping rate can be varied accordingly. 

The fuel for this engine is the usual type digester gas, having a 
calorific value of about 650 B.T.U. per cubic foot. Its three most im- 


* THis JOURNAL, 5, 3, May, 1933. 
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portant components are methane (68 per cent), carbon dioxide (31 per 
eent) and hydrogen sulphide never more than .02 per cent. These 
figures are approximate averages. The gas is obtained from a multi- 
stage digester erected at the Districts’ Joint Disposal Plant, previously 
described to this Association.* An 8-inch pipe line 600 feet in length 
conveys the gas to the engine at about one-half pound pressure and at 
the engine the pressure is reduced to about one-quarter of a pound. 
The gas pipe line is laid to a minimum grade of one inch per hundred 
feet and a sump is provided at the engine end to remove the condensed 
moisture. No scrubbing or other means of purifying the gas is 
provided. 

The gas consumption of the engine is 24 cu. ft. per H.P. hour when 
the engine is operating at 550 R.P.M. under full load and best efficiency. 
When the engine is slowed down to lower speeds the efficiency drops 
off to the point where 33 cu. ft. of gas may be required per H.P. hour. 
Since but about one-fifth of the heat value of the gas is converted to 
useful work in the engine, most of the remaining four-fifths could be 
available for heating the digester although such use is not practiced 
at present at this plant. Cooling water has an average temperature of 
130 degrees F. when leaving the engine and exhaust gas, 310 degrees F. 
at the muffler. Some heat is lost between the engine and the muffler. 

The sludge digestion tanks have a daily output of about 250,000 
eu. ft. of gas. Since the engine consumes about 24 cu. ft. per H.P. 
hour the digester has a potential output of about 400 continuous H.P. 
if all the gas were used for power purposes. In addition to its use for 
power, the gas is also used as fuel to heat digester circulating water 
and in an incinerator to burn sewage skimming and bar screenings. 
If an attempt were made to utilize fully the power possibilities of the 
digester, larger storage capacity would be necessary to store the peak 
production, or an auxiliary fuel supply provided to bridge the periods 
of minimum gas production. The gas supply from the digester flue 
tuates and at times it is necessary to shut off the incinerator to keep 
the engine in continuous service, but it has never been necessary to shut 
down the boiler. 

The quality of the digester gas compares favorably with other gases 
which have been used successfully in power generation. When com- 
pared with the low grade group such as blast furnace, coke oven, ete., 
that have approximately 100 B.T.U. per cu. ft. and which permit a com- 
pression of 200 pounds or more and a gas-air ratio of 1 to 1, digester 
gas appears high in grade. When contrasted with rich, natural gas 
with a B.T.U. value of 1200 and a gas-air ratio of 12 to 1, digester gas 
value suffers somewhat. It is, however, well above the poorest, about 
half as good as the best, occupying about the center of the seale in value. 

After the engine had been in continuous service for 375 hours the 
cylinder heads were removed and the valves were examined. There 
was no corrosion of the valves and no earbon deposits in the cylinder 

* THIS JOURNAL, 3, 4, Oct., 1981—A. M. Rawn; California Sewage Works Journal, 6, 1, 
1933—A,. M. Rawn. 
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heads or upon the pistons. The combustion chamber was clean. Tap- 
pets are inspected for clearance once a week and the gap is maintained 
at .005 inch with the valves at full heat. Tappets are easily accessible 
upon this engine and setting ean be accomplished at 500 R.P.M.  <Ae- 
cessibility of important working parts is a feature that should be care- 
fully considered in a unit that is expected to render continuous service. 
The unit under discussion has been operated continuously for 1,000 
hours at a stretch. 

Oil used in the engine is a high grade motor type recommended by 
the engine manufacturers and known commercially as Triton S.A.E. 
30. Analyses of the oil drained from the circulating system indicates 
that some 2,000 hours or three months of operation may be obtained 
between crank case drainings. The oil shows a slow tendency toward 
acidification which is an important indicator of its condition. Unusual 
concentration of hydrogen sulphide in the fuel gas will probably ac- 
celerate acidification. Conditions noted here are for a gas of the 
analyses stated. The oil consumption is about 1 gallon per 5,450 
HP fie. 

Costs.—The cost of the engine in place was about $7,000. A motor 
to take its place would have cost, in place, $2,700, a difference in first 
cost of $4,300 in favor of the motor. The Districts have the Clark 
lngine distributors in Los Angeles under contract to maintain the 
engine (exeepting spark plug and magneto replacements) for five years 
at .08 cents per H.P.Hr. developed. Operation costs other than the 
maintenance contract cost are .01 cent for oil and .0733 cent for at- 
tendanee and spark plugs, per H.P.Hr.,—a total of .1133 cent per 
H.P.Hr. <A rate of 15 per cent is assumed for interest and depreciation 
for the engine. 

Kleetrie power at the plant would cost .53 cent per H.P.Hr. if the 
engine were supplanted with an electrically driven motor. Assuming 
this power rate, the prevailing load factor under which the unit oper- 
ates and 10 per cent for interest and depreciation for the motor, the 
over-all costs for engine or motor will be identical in the period May 4, 
1935, to Feb. 15, 1936; that is the engine will have paid its additional 
first cost by Feb. 15, 1936. Calculated another way, the engine is at 
present showing a saving in operating costs of nearly $460 per month, 
an amount which increases as the load factor increases. Extending 
this reasoning to the average daily output of gas from the digestion 
tanks, it may be stated that the digester gas at the Joint Disposal Plant 
has a value of about $920 per month or 14.4 cents per 1,000 ecu. ft. if ap- 
plied as internal combustion engine fuel to develop power. 

When it was first announced that a gas engine was to be installed 
at the Joint Disposal Plant, some doubt was expressed by the plant 
operators who anticipated increased duties and trouble with this new 
departure in power generation, but as time passes and the engine con- 
tinues to give dependable service, doubt is yielding to confidence and 
admiration. It appears to be a sound, practical investment and its 
use and extension limited only by the gas supply. 











I. THE PALO ALTO SEWAGE TREATMENT PLANT * 


By Harvey O. Banks 


Formerly Chief Plant Operator 


Hisroricau 

Prior to July, 1934, when the new sewage treatment plant was placed 
in operation, the sewage from both the city of Palo Alto and Stanford 
University discharged, untreated, into the Mayfield slough. T'wo out- 
fall sewers from the city and one from the university discharged at 
a point about three-quarters of a mile up the slough from San Fran- 
cisco Bay proper. Another outfall sewer from the Mayfield District of 
the city discharged at a point about one-third of a mile farther up the 
slough. 

During recent years, the city of Palo Alto has spent several hundred 
thousand dollars in developing the Bay Front lands and the slough for 
recreational and other purposes. The Yacht Harbor, which was built 
several years ago, is now used extensively. It is expected that more 
recreational facilities, such as a salt water swimming pool and a salt 
water lake for boating, will be developed in this area as fast as funds 
become available. The Palto Alto Airport, completed within the past 
vear, is located on the Bay Front lands a short distance away from the 
site of the sewage treatment plant and within a fifth of a mile of the 
slough. 

The Yacht Harbor anchorage and club house are located about 800 
feet down the slough from the first point of sewage discharge mentioned 
above. About 800 feet above this point is the Palo Alto Boat Works. 
It is obvious that the discharge of untreated sewage into the slough 
constituted a very serious health menace. Floating sewage solids 
rendered the water around the Yacht Harbor quite offensive at times, 
and gas from the decomposition within the sludge banks deposited in 
the channel created a serious odor nuisance. 

The situation had become so serious that in May, 1933, a proposal 
for a $90,000 bond issue for sewerage improvements was put up for 
vote and was approved. Proceedings were immediately instituted to 
obtain a grant of about $29,000 from the PWA. This was approved 
in December, 1933. 

In order to correct the situation, the problem of disposal of the 
sewage from the university as well as the city had to be considered. 
The logical thing was to combine the sewage from the university and 
the city and to treat and dispose of the combined flow. Accordingly, 
an agreement was made with the university whereby the City of Palo 
Alto was to finance and build a new outfall sewer system and treatment 
plant to take care of the combined sewage flows. The university agreed 
to pay a proportionate share of the fixed charges and operating costs of 

* Presented Before the Fall Meeting of the California Sewage Works Association, Palo 
Alto, Calif., Sept. 23, 1935, 
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the new system and treatment plant based on the ratio of average flow 
from the university to the average combined flow. 

The only other possible method for the final disposal of the sewage, 
except emptying it into the slough, was to build a long outfall sewer 
across the mud flats and to carry the sewage out to the bay. Under 
the conditions, it was felt that plain sedimentation would be sufficient 
preliminary treatment, since the outfall could be carried out several 
liundred feet beyond the shore line where there would be ample water 
for dilution at all times. 





5 ee ie 


Palo Alto Sewage Treatment Works. Showing exterior of pump house, mechanical rake and 
clarifier, 


At first, it was planned to pump the raw sludge from the clarifier 
over to the garbage dump, which is located near the proposed site of 
the plant, and to dispose of sludge with the garbage by the fill-and-cover 
method. There were some objections to this, and when it became ap- 
parent that a PWA grant could be obtained, the plans for the treatment 
plant were revised to inelude a heated digester, gas collection, gas 
engine and electric generator, the cooling water from the engine to be 
used in heating the digester. i 

The existing outfall sewers of both Stanford University and Palo 
Alto were badly overloaded. Consequently, an entirely new outfall 
sewer system was included in the plans for sewerage improvements as 
well as the treatment plant and the outfall line from the plant out to the 
bay. | 

Construction was started about the middle of December, 1935. By 
July 1, 1934, the construction of the new sewers and the outfall line to 
the bay had been completed, and the construction of the plant had pro- 
eressed far enough so that the basic parts of the plant—pumping plant, 
clarifier, and digester—could be placed in service at that time. By 
the end of September the construction work was complete except for 
the gas engine-generator set which was not installed until March, 1935. 
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GENERAL 

The City of Palo Alto is mainly residential in character, with a popu- 
lation according to the 1930 census of 17,000. The city has separate 
sanitary and storm water sewer systems. There is one large cannery 
in the city which cans tomatoes, peaches, pears, ete., according to the 
season. With this exception, and the usual number of garages and 
laundries, the sewage from the city is entirely domestic in character. 

The population of Stanford University is estimated at 5,000. It 
also has separate sanitary and storm water sewers. The sewage is, of 
course, entirely domestic, although rather dilute due to the heavy use 
of showers in the gymnasiums and dormitories. The average sewage 
flow from the university is 0.489 m.g.d., or about 97 gallons per capita 
per day. 

At the plant, the sewage flow has varied from a minimum of 0.9 
m.g.d. to a maximum of 2.5 m.g.d. when the cannery is running. The 
average sewage flow is 1.545 m.g.d., or 74 gallons per capita per day 
based on estimated contributory population of 21,000. Judging from 
pump operation, the maximum rate of sewage flow seldom rises above 
4 m.g.d. 

The raw sewage as received at the plant is still quite fresh, with a 
pH of 7.3 to 7.6. It has the following characteristics : 


Average Maximum Minimum 
Suspended Solids 333 p.p.m. 680 p.p.m. 170 p.p.m. 
36 OS | Sr 340 p.p.m. 720 p.p.m. 160 p.p.m. 
Settleable Solids 18.1 ¢.c./I. 45 c.c./l. 


The values for suspended solids and B.O.D. are based on composited 
samples taken every two hours for 24 hours, while the settleable solids 
determinations were made on catch samples. 


DeEsScRIPTION OF PLANT AND OPERATING Data 


The treatment plant is located about two miles from the city limits 
on the reclaimed Bay Front lands. The sewage is brought to the plant 
by gravity through a 27-inch vitrified outfall. The elevation of the 
invert of this outfall at the plant is —10.9 below mean high tide. 

The plant was designed to have ample capacity for the probable in- 
crease in population during the next ten years, with a maximum ¢a- 
pacity of 3 m.g.d.. Provision was made in the design and construction 
of the plant for the addition of another pump, a second clarifier, and a 
second digester when needed. It now consists of the following units: 

(1) Combined bar screen and grit chamber mechanically cleaned. 

(2) Pumping plant. 

(3) Clarifier with sludge removal mechanism. 

(4) Sludge pump. 

(5) Heated digester. 
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(6) Sludge drying beds. 
(7) Gas holder. 
(8) Gas engine and generator. 


Combined Grit Chamber and Bar Screen.—The sewage passes first 
through a Link-Belt mechanically cleaned grit pit and bar screen. 
When the plant was built a 1-inch clear opening bar screen was in- 
stalled. The mechanical apparatus for cleaning the screen and pit was 
not installed until about three months after the plant was first started. 
‘The original intention was to operate for a time without the mechanical 
rake, which could be installed at any time,-and to rake the sereen by 
hand, not attempting to clean the grit pit at all. It was soon found, 
however, that, with the 1-inch clear opening screen and the inefficiency 
of hand raking, rags and sticks passed through the screen to such an 
extent that the pumps became clogged five to ten times per week. 
Sticks and other objects which passed through the sewage pumps often 
clogged the sludge pump. With the advent of the tomato canning sea- 
son, a tremendous amount of tomato peelings was brought down to the 
plant. These piled up on the sereen so fast that the operator had to 
spend about one-third of his time raking the screen. 

After about two months of this experience, it was decided to install 
a *4-inch clear opening bar sereen instead of the 1-inch screen and to 
install mechanical apparatus for raking the screen and cleaning the grit 
pit. After this was done, the trouble largely disappeared. Clogging 
of the pumps now happens very infrequently. The raking mechanism 
is electrically controlled and is entirely automatic in operation. It is 
set to rake the sereen once every nine minutes. 

The amount of screenings and grit is not large. It averages about 
100 gallons per day, and often runs as high as 200 gallons per day when 
the cannery is running. The screenings are stored in garbage cans and 
twice a day the cans are hauled to the garbage dump and there disposed 
of by fill-and-cover method. 

Pumping Plant.—F rom the grit pit and screen chamber, the sewage 
flows into the wet well from which it is pumped to the clarifier. The 
pumps are located in a pump pit beside the wet well. The flow line of 
the pump pit is 4.25 feet above the bottom of the wet well. 

The pumps are of the horizontal, single suction, closed impeller, 
non-clogging type, manufactured by the DeLaval Steam Turbine Com- 
pany, with 6-inch suction and 5-ineh discharge. The suction piping as 
installed is 8-ineh and the discharge piping is 10-inches. The pumps 
are driven by 10 h.p., 220 volt, 865 r.p.m. Crocker-Wheeler motors. 

Since the pumps cannot be started until the level of the sewage in the 
wet well is higher than the top of the pump casings, thereby priming 
the pumps, they are equipped with Fisher air relief valves placed on 
the top of the casings. The pumps work against a static head varying 
from about 17 to 22.5 feet. The friction head is about 5 feet. The 
pumps are rated at 1100 g.p.m. against a 25 foot total head with an 
efhicieney of 75 per cent. 








“J 
) 


ys SEWAGE WORKS JOURNAL January, 1936 


Normally the pumps are entirely automatic¢ in their operation, al- 
though they can be controlled manually if necessary. The automatic 
control is obtained through the use of the Roto-Trol mechanism as 
manufactured by the Water Levels Control Company. This mecha- 
nism is actuated by the changes in air pressure in a piece of 4-inch pipe 
fastened vertically, open end down, on the wall of the wet well, as the 
level of the sewage in the wet pit rises and falls. The changes in air 
pressure are transmitted to the mechanism by copper tubing. By an 
expanding bellows and lever arrangement, these pressure variations 
cause rotation of a disk on which are mounted mercury contacts, two 
for each pump, one for starting and one for stopping, which control the 
operation. The pumps are set to cut in and out as the rate of sewage 
flow increases or decreases. 

At the present time, three pumps are installed. Provision was 
made for the installation of a fourth pump whenever necessary. The 
suction and discharge piping for the fourth pump are complete in place 
outside the pump pit and extend through the walls of the pit. 

To date, the third pump has cut in very infrequently and then only 
for a few minutes at a time. 

Clarifier.—The clarifier is circular in shape, 55 feet in diameter, 
with a water depth of 7.5 feet at the side and 9.6 feet at the center. It is 
equipped with a Hardinge plow type sludge removal and surface skim- 
ming mechanism. The skimmer part of the mechanism had to be 
altered several times before it would function efficiently. In designing 
the clarifier, the customary truss type of support for the sludge removal 
machinery was dispensed with, and two 30-inch I-beams were substi- 
tuted. This gives the clarifier a much more attractive appearance. 

The sewage flows across the clarifier from a series of inlets spaced 
along a peripheral length of 45 feet to a peripheral weir opposite, which 
has a crest length of 45 feet. The operating data for the clarifier are 
as follows. With one puimp running, or with a rate of flow through 
the clarifier of 1.58 m.g.d., the overflow rate is 666 gal. per sq. ft. per 
day, and the theoretical detention period is 2.25 hrs. 

The following table gives the average operating results: 


Clarified 


Effluent “ Reduction 


Raw Sewage 


Suspended Solids. . 333 p.p.m. 156 p.p.m. 53.1 
23 OS | aa 340 p.p.m. | 231 p.p.m. 32.1 
2 hr. Settleable Solids Slice. | 106'c-c,/l. 94.2 


Disposal of the Clarified Effluent.—The clarified effluent passes first 
through a 16-inch Sparling main line meter which serves to record the 
total volume of sewage. Incidentally, this meter has to be cleaned of 
rags ete. about twice a month. After the meter, the sewage passes 
into a 22-inch wood stave outfall. This outfall, which is 4660 feet long, 
discharges the effluent into San Francisco Bay at a point about 725 
feet offshore. 
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Sludge Disposal.—Normally, the raw sludge and skimmings are 
drawn from the clarifier once every two hours. It is sometimes neces- 
sary to draw more often, particularly during the canning season. The 
sludge and skimmings are drawn off into a pit which has been eali- 
brated so that the volume drawn can be measured and recorded each 
time. A 4-inch Marlow plunger type sludge pump pumps the sludge 
io the digester. The data pertaining to the raw sludge are as follows: 


Average Maximum 
Volume eee eee . a 6890 gal./day 19025 gal./day 
PA MEIUERSE Worse th cPe ah Zl crey a : See ete eS 0.34 10.10 
Regs. re i: é . 2059 Ib./m.g. 5880 Ib./m.g. 
> Volatile Matter in Dry Solids........ Sona 77.6 91.6 
Volatile Matter.......... eter ene ......2890 Ib./day 5340 lb./day 


Digester—The digester is of the cireular patented Hewitt type 
with a spherieal top and conical bottom. It is 50 feet in diameter, 37 
feet deep at the center and 25 feet deep at the sides, and has a capacity 
of about 52,000 eubie feet. It was designed on the basis of 1.5 eu. ft. 
capacity per eapita. The digester is equipped with a gas collection 
dome with water seal. Overflow liquor can be drawn off from any one 
of four different levels in the digester. The lowest level from which 
it ean be drawn is about mid-depth. The overflow piping is so ar- 
ranged that the liquor ean be returned to the raw sewage at the wet 
well, or it ean be recireulated by means of the sludge pump through 
the raw sludge inlets at the top of the digester. 

The digester is heated by the cooling water from the gas engine 
whieh will be deseribed later. The cooling water is cireulated through 
three coils of 24-inch pipe suspended on the digester wall at about 
mid-depth. 

As the gas engine was not installed until last March, the digester 
had to be operated without heat for nine months. During that period, 
the temperature of the digesting sludge varied from 60° F. to 755° F. 
depending on the season. After heat was first applied in March, the 
temperature rose gradually to about 100° F. in about four months. 
Due to the fact that the engine has had to be shut down several times 
for rearrangements, repairs, inspection, ete., the temperature has varied 
considerably. The maximum temperature reached was 101° F., which 
occurred after the engine had been running steadily for three months. 
Ou August 4, the gas engine was shut down in order to install a new 
eenerator and has not been operated since. During this shut-down, 
the digester temperature has fallen from 101° F. to 83° F. 

Whether or not the present arrangement will supply heat enough 
to keep the temperature at a high value during the cold winter season 
is open to question. It may be necessary to install a heat exchanger 
in the exhaust pipe of the engine in order to get more heat to the 
digester. 

As stated above, the average daily charge of raw sludge to the 
digester has been about 6890 gallons, with an average volatile matter 
content of 2590 pounds. 
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The digester was started without being seeded with ripe sludge. 
No lime was used. The pH rose to 7.0 in about nine months after it 
was first started and stands at 7.1-7.2 now. Soon after starting, th 
cannery season opened, and large quantities of cannery waste—peacl 
fuzz, waste peach slices, tomato peelings and seeds, and pear peelings 
were pumped into the digester. The digester was thus badly over 
loaded right at the most inopportune time. Subsequently, a great deal 
of trouble was experienced with foaming, but this corrected itself im 
time. The tomato peelings formed a heavy, fibrous layer at the top 
of the digesting sludge. This seemed to be the cause of most of the 
foaming. 

Disposal of Digested Sludge.—While the digester was being oper 
ated unheated, the digested sludge had a moisture content of 93.7 per 
cent, and the volatile matter content of the dried solids was 67.7 per 
eent. This indicated that the sludge as drawn was only partly digested, 
and that the digester does not have adequate capacity for unheated 
digestion. In August, after the digester had been heated for about 
four months, the moisture content of the digested sludge was 94 per 
cent and the volatile matter content of the dry solids had fallen to 54 
per cent, indicating a much higher degree of digestion. The digester 
has not been operated long enough under any particular set of con 
ditions to be able to give any reliable data on the results of digestion. 
The figures given are purely indicative. 

For dewatering the digested sludge, a series of sludge beds were 
prepared by cleaning off, leveling, and throwing up dikes on some of 
the ground surrounding the plant. The soil is not especially suited 
for sludge dewatering, as it is not very pervious. However, since a 
large area has been prepared and more beds ean be quickly and cheaply 
made if necessary, the sludge can be allowed to remain on the beds 
until thoroughly dry. 

A few experiments have been conducted to find whether the dried 
sludge can be successfully used for fertilizer on the city lawns and 
parks. -A small disintegrator is used to reduce the sludge particles 
to a size suitable for fertilizer purposes. Several small experimental 
plots have been seeded with grass, using other types of fertilizer as 
well as the sludge. Preliminary results indicate that it can be used 
successfully. It appears to be the equal of mushroom manure and 
seems to be ideal for mulching purposes. The sludge contains large 
numbers of tomato seeds, but this does not seem to be objectionable, as 
the young tomato plants die out after they have been cut onee with a 
mower. No attempt has been made to sell any of the dried sludge as 
vet. 

Gas Production and Collection.—The accompanying table gives the 
data concerning the production of gas by the digesting sludge. It will 
be noted that gas was first produced in measurable quantities in Sep- 
tember, 1934, two months after the first sludge was pumped into the 
digester. The rate of gas production gradually increased from Sep- 
tember to April, 1935, with an average daily production during April 
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of 38,430 cubic feet per day, or 1.83 cubic feet per capita per day. Up 
to the last week in March, the digester was operated unheated. After 
April the rate of production declined gradually until the average daily 
volume produced in September, 1935, was 24,350 eubie feet. This 
decline in gas production may be due, in part, to the change in internal 
conditions resulting from the application of heat to the digesting sludge 
and in part to the establishment of more or: less average conditions 
after the irregularities of the period during. which normal digestion 
was being established. 

The maximum volume of gas produced during any one day has been 
about 52,000 cubic feet, or 2.5 eubie feet per capita per day. 


Gas Production, Palo Alto 


Av. Rate Vol Vol. of 
Total | Av. Vol. | of Pro- | ees Gas Pro- | ' 
Month Vol. | Pro- duction reed duced per Die Bc a 
Pro- | duced per | tes Tol. | Tom: : ; vainines 
duced | per Day} Capita | Month Matter P- 
per Day | ~°""" | Added 
Cu.Ft. | Cu.Ft. | Cu.Ft. | Lb. | Cu.Ft. F. 
1934 | | | 
Sept. 19,131 | 616 0.03 | 62,620 0.35 | Digester Unheated. 
Oct 160,550 | 5,350 0.26 | 68,460 2.3 ~ ba 
Nov. 243,880 7,860 0.37 | 68,790 3.5 
Dee 286,600 9,550 0.46 58,650 1.9 
1935 | 
Jan 136,400 14,080 0.67 | 91,200 4.8 64.6 
Feb. 788,300 | 25,430 121 | 90,860 8.7 
Mar. 875,800 | 31,300 | 1.49 | 89,260 9.8 60 Gas Engine Started 
| | | Mar. 22. 
April 1,192,000 | 38,430 | 1.83 | 83,080 | 14 12.3 Digester Heated. 
May 798,559 | 26,620 127 | 66,570 | 120 | 79 5 ts 
June 867,600 | 28,000 1.33 | 63,430 13.7 92.2 
July 642,100 | 21,400 LO2. | 55,350 11.6 95.7 
Aug. 801,200 | 25,850 1.23 | 68,355 Derg 97 Gas Engine Stopped 
Aug. 4. 

Sept 754,900 | 24,350 1.16 . 86.2 Digester Unheated. 


Based on an estimated contributory population of 21,000. 


During July and August, 1935, with an average temperature of the 
digesting sludge of about 96.3° F., 11.65 eubie feet of gas were produced 
per pound of volatile matter added to the digester. The average gas 
production per eapita per day was 1.12 eubie feet. As the digester 
had been heated prior to July for a period long enough to establish 
normal conditions for heated digestion, the above figures probably 
approximate the average gas production to be expected for heated 
digestion. To date, the digester has not been operated long enough 
under any one given set of conditions to give any really reliable figures 
on gas production. From the records available at the present time, 
it is evident that an average daily production of at least 1.0 cubic feet 
per capita may be expected. 

An analysis of the gas, made in April, 1935, gave a heat value of 
)88 B.T.U. per eubie foot. No other analyses of the gas have been 
made. 
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A floating gas holder with a maximum capacity of 3,000 cubic feet 
is used in the gas collection system to take eare of the variations in 
the rate of gas production. At times of maximum rates of gas pro 
duction, the capacity of this holder has been entirely inadequate, and 
large amounts of gas have escaped from the holder. The holder main 
tains a constant pressure of 11 inches of water on the gas system. 

As much of the gas as possible is used as outlined below. The 
excess is burned in a waste burner. 

Gas Utilization.—In March, 1935, a gas engine and generator were 
installed at the plant to use the digester gas as a source of power fo: 
generating electricity to run the plant. 

The gas is also used for heating the laboratory and office and for 
the laboratory burners. A gas line was run from the plant to the Palo 
Alto Airport, which is located near the plant. The gas is used there 
for heating. It is intended to make some experiments in the near 
future in the use of the digester gas in gas beacons for lighting the 
Airport and landing field. 

To date, the use of the digester gas for the purposes outlined above 
has been most satisfactory. No corrosive or deleterious effects have 
been noted. The only trouble has been that not enough water traps 
were installed, and our meters sometimes fill up with water and must 
be emptied. Blow-offs have been put on the gas lines. 

Laboratory.—The laboratory and office are located on the second 
floor of the pump house over the pump pit. The laboratory is equipped 
with apparatus to run the standard tests usually run at a plant of this 
kind, i.e. suspended solids, B.O.D., settleable solids, sludge moisture, 
and volatile matter. It is hoped that the laboratory can be equipped 
for gas analysis in the near future. 

Landscaping and Architectural Treatment.—Considerable attention 
has been devoted to the problem of making the plant as attractive as 
possible. To this end, the grounds around the plant have been care 
fully laid out and graded. Surfaced paths have been made connecting 
the various parts of the plant. The remainder of the grounds has been 
laid out with lawns and shrubbery. 

In order to harmonize with the conventional type of California ar 
chitecture, the buildings have red tile roofs and are finished with a 
tan stucco effect. The interiors of the buildings have been painted ac 
cording to an attractive color scheme. 

The exposed concrete work of the clarifier was also given a coat of 
tan stucco. The metal superstructure of the clarifier, the gas holder, 
and the exposed portions of the mechanical rake apparatus were painted 
with an aluminum asphalt paint. <All other exposed metal surfaces 
have been painted with Inertol. All exposed painted surfaces are 
given a new coat of paint at least twice a year. 

Power Requirements—The total possible connected load of the 
plant at the present time is 40 h.p., including the three sewage pump 
motors and the motors on the mechanical rake, clarifier mechanism, 
sludge pump, and fresh water well pump. At present, only 30 h.p. are 
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connected, as one of the three sewage pumps is usually left discon- 
nected, since two pumps are sufficient to handle the present sewage flow. 

The average power consumption has been 133 kw. hr. per m.g., ex- 
clusive of lights, or 205 kw. hr. per day. At times of maximum flow, 
the power consumption may run as high as 320 kw. hr. per day. About 
12 kw. hr. per day are used for lights and the laboratory oven, ete. 

At utility rates, the average cost is about $132 per month, or $2.95 
per mg. It is expected that the use of the gas engine-generator set 
will eut this power cost by at least 75 per cent. 

Operation.—The plant is operated by three shifts per day of eight 
hours each. The chief operator takes the day shift from 8:00 A.M. to 
{:00 P.M. and all laboratory work is done during this shift. All other 
routine work around the plant—cleaning, oiling, tending to the lawns 
and shrubbery, ete., is divided between the other two shifts. 

it is intended to keep a technically trained man in charge of the 
plant at all times. The slight additional cost of obtaining such tech- 
nical supervision is felt to be entirely justified and may be more than 
compensated by other economies in operation which would not be pos- 
sible with less capable personnel. 

Complete operating and cost records are kept at all times. The 
operating data, which are recorded each day, include the following: 


(1) The daily volume of sewage flow 

(2) Volume of screenings removed 

(3) Volume of raw sludge removed from the clarifier and pumped to 
the digester. 

(4) Average per cent moisture and average volatile matter in the raw 
sludge 

(5) Power used 

(6) Power generated 

(7) Power used for lights 

(S) Volume of fresh water used 

(9) Volume of gas used by gas engine 

(10) Volume of gas used for heating 

(11) Volume of gas burned in waste burner 

(12) Number of hours that gas engine was run and amount of lubri- 
eating oil used 


Observations on the following are taken two or three times during 
each week: 


(1) pH of digester overflow liquor 
(2) pH of raw sewage 

(3) pH of raw siudge 

(4) Temperature of digesting sludge 
(5) Temperature of raw sewage 

(6) Temperature of raw sludge 
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Whenever digested sludge is drawn from the digester, a composite 
sample is taken, and tests are run to determine per cent moisture and 
the volatile matter content of the dry solids. 

Twice a week, samples of the raw sewage and effluent are taken 
every two hours over a 24-hour period and are composited. The volume 
of samples taken is proportional to the rate of flow passing through 
the clarifier at that time. Suspended solids and five-day B.O.D. tests 
are run on the composite samples. Also, twice a week, two-hour set- 
tleable solids tests are run on catch samples of the raw sewage and 
effluent. These catch samples of the raw sewage and effluent for 
settleable solids tests are taken at 11:00 A.M. and 1:00 P.M. respec- 
tively. 

A sample of the raw sludge is taken each time sludge is drawn from 
the clarifier. These samples are composited over a 24-hour period. 

Treatment of Cannery Wastes.—Soon after the plant was started 
in July, 1934, trouble descended upon it in the form of cannery waste. 
The Palo Alto plant of the Sutter Packing Company cans about 150 
tons of tomatoes per day; about 200 tons of peaches per day; about 100 
tions of apricots per day; and about 100 tons of spinach per day during 
the respective seasons. Between 0.5 and 0.8 m.g. of water are used 
daily during the canning seasons. At the time the plant was started, 
all of the refuse from the canning operation was being dumped into 
the sewers. The plant was entirely incapable of handling this totally 
unexpected extra load. The tomato peelings and peach fuzz often 
formed layers of scum six inches or more in thickness on the surface 
of the clarifier. The clarifier skimmer was totally unable to remove 
this scum, and it had to be removed by hand with long handled rakes. 
All of the cannery waste was pumped to the digester. This was un- 
doubtedly responsible for most of the foaming which occurred later. 

As soon as it became evident that the plant would be unable to 
handle the cannery waste, an effort was made to determine whether 
at least part of the cannery waste could be disposed of by some method 
other than dumping it into the sewers. The eannery has co-operated 





fully in solving this problem. 

The following measures have been taken and have proved effective 
in preventing the cannery refuse from entering the sewers. All floor 
drains at the cannery are screened with one-inch mesh screening, and 
all washings from the floor must pass through two of these screens 
before reaching the sewer. The screenings are collected and hauled 
to the garbage dump. When tomatoes are canned, bad tomatoes and 
cuttings from defective tomatoes as well as peelings are passed through 
a ‘Cyclone Beater,’’ which separates the juice from the more fibrous 
material. The juice passes through a sereen with openings 1/16-inch 
in diameter and drains to the sewer. The fibrous material left is 
hauled to the garbage dump. In canning peaches, the lye solution 


used for peeling still drains to the sewer, but the large particles are 


separated out by the mechanism described above. Refuse from the 
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spinach pack is caught on the floor drain screens and is hauled to the 
dump. 

Of course, the sewage treatment plant still receives the liquid waste 
from the cannery, but, due to the effectiveness of the above measures, 
very little fibrous material reaches the plant. It seems to be able to 
handle the liquid waste quite satisfactorily. 

Thanks to the splendid co-operation of the Sutter Packing Com- 
pany, it is believed that the problem of cannery waste has been solved. 
he company has been put to some expense involved in the installation 
of the ‘*Cyelone Beater’? and the floor drain screens and in hauling 
the fibrous refuse to the garbage dump, but no complaint has been made. 


Costs 


Construction Costs.—" he total construction cost of the plant, ex- 
elusive of the new outfal! sewer svstem and the outfall line to the bay, 
Was $63,323.82, or a unit cost of about $21,100 per m.g. of design 
eapacity. The 22-inch wood stave outfall line cost $19,760.61. 

Operating Costs.—Kor the nine-month period from July, 1934, to 
Mareh, 1935, inclusive, during which the gas engine-generator set was 
not operating, the average operating costs, exclusive of fixed charges, 
were as follows: 


Per M.G. Per Month 
Labor and Supervision $ 6.76 $302.45 
Power . 2.95 131.86 
Supplies . 2.20 98.36 
Maintenance 0.33 14.90 
Overhead. . 0.65 28.90 
Total $12.89 $576.56 


The average rate of sewage flow during this period was 1.476 m.g. 
per day. 

The gas engine-generator set operated almost continuously during 
the three months of April, May, and June, 1935. During this period, 
a total of 22,180 ky. hr. of electricity was used by the plant. Of this 
total, 17,710 kw. hr., or 79.9 per cent, was generated at the plant, using 
digester gas as a source of power. For these three months, the average 
operating costs, exclusive of fixed charges, were as given in the table 
DeIOW: 


Per M.G. Per Month 
Labor and Supervision . $ 5.95 $299.20 
Cost of Power Purchased . 1.01 51.05 
Supplies. . 3.02 151.88 
Maintenance . © 1007 3.40 
Overhead... 0.61 30.66 
Total . $10.66 $536.19 


The average rate of sewage flow was 1.641 m.g. per day for the 
period. 

No conclusive comparison of operating costs with and without the 
use of the gas engine-generator set can be made based on the above 
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figures, as the use of the gas engine was still in the experimental stage. 
For this reason, no attempt was made to keep an account of the extra 
costs of maintenance and supplies strictly chargeable to the cost of 
power generation. The increase in cost of supplies for the second 
period, for instance, was not entirely chargeable to the use of the gas 
engine and generator. The saving due to the generation of electricity 
at the plant probably averaged about $1.50 per m.g. while the experi 
mental set-up was in operation. This saving will be greater with the 
permanent arrangement for the generation of power, which has just 
been installed. 


(‘ONCLUSION 


The plant was designed by Mr. J. F. Byxbee, City Engineer, and 
his associates on the staff of the City Engineering Department. It 
was built by force account as PWA Project No. 1256 with Mr. Fabian 
Miller, Assistant City Engineer, as Construction Superintendent. The 
writer acted as Assistant Field Engineer and Inspector during the 
construction and was Chief Operator from July to September, 1934, 
and from January to May, 1935. At the present time, Mr. Jack Kim 
ball is Chief Operator. 


II. GENERATION OF ELECTRICITY AT PALO ALTO 
WITH A GAS ENGINE 


The generation of electricity at the Palo Alto Sewage Treatment 
Plant with a gas engine, using digester gas as fuel, has three distinet 
objectives, namely: (1) It provides a second source of power for operat 
ing the plant. The sewage must be pumped from the incoming sewer 
in order to reach the outfall line which is about 11 feet higher. It is, 
therefore, imperative that two sources of power be provided at the 
plant, each of which may act as a stand-by for the other. (2) It re- 
duces the power costs. (3) The digester must be heated in order to 
provide for the proper digestion of the sludge. The use of the cooling 
water from the gas engine is an easy and economical way of heating the 
digester. Otherwise, it would be necessary to provide a gas-fired 
boiler. 

Power Requirements of the Plant.—The total possible connected 
load at the plant is 40 h.p., including the three sewage pump motors at 
10 h.p. each, and the motors on the sereen rake, clarifier, sludge pump, 
and fresh water well pump. Of this total, only 30 h.p. need be kept 
connected at the present time, as only two of the three sewage pumps 
are required to handle the present sewage flow. 

Experimental Work.—The city had on hand a heavy duty gasoline 
engine which had been purchased for other purposes, but which had 
never been used. In order to save the cost of a new gas engine, it was 
decided to attempt to remodel this gasoline engine to use digester gas 
as fuel and to make a temporary experimental installation at the sewage 
plant in order to determine the feasibility of power generation with this 
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remodeled engine. The main objectives of the experimental work 


were: 


(a) To determine whether or not the engine would work satisfactorily 
on digester gas. 

(b) To determine how much corrosion of the engine parts would be 
caused by the gas. 

c) To determine whether or not it would be necessary to clean the gas 
before use. 

(/) To determine whether or not the engine would develop power 
enough to carry the plant load. 

(e) To determine the probable reduction in power costs. 

(f) To determine whether or not there would be enough heat available 
in the cooling water for heating the digester and to determine 
the effect of heating on the digestion of the sludge. 

(g) To determine how much gas would be used, and whether or not 
there would be enough gas generated to supply the engine after 
the digester had been heated for some time. 


The engine was originally a heavy-duty, four cylinder, four cycle, 
easoline engine, manufactured by the Model Engine Company, Pitts- 
burgh, Pennsylvania. The bore is 544 inches and the stroke 61% inches. 
lt is rated at 65 h.p. at 600 r.p.m., using gaseline as fuel, and is com- 
plete with clutch and governor. 

The engine was remodeled for the use of digester gas as fuel by Mr. 
D. MeLachlan, Chief Engineer of the Palo Alto Water Works. The 
compression ratio was raised about 10 per cent. An Ensign gas car- 
buretor was installed, and long-bodied spark plugs were used. 

The city did not have a spare 220 volt generator, but there was a 
spare 20 h.p., 1160 r.p.m., 220 v., 3 ph., 60 eyele motor available. For 
the experimental work, it was decided to use the motor as a generator 
rather than buy a new generator. The motor was connected to the gas 
engine through a V-belt drive with pulleys so proportioned that the 
motor was driven at 1200 r.p.m., when the engine was running at 600 
r.p.m. The motor was then connected into the power cireuit of the 
plant. 

With the motor being driven at about 40 r.p.m. over the normal 
speed, it became a generator. It generated, of course, only as long as 
there was voltage on the line from the main power supply. The power 
output of the motor-generator was constant as long as the speed re- 
mained constant. If the output at any particular time was greater 
than the requirements of the plant, the excess was foreed back into 
the main line, and conversely, if the power required by the plant was 
greater than the output, then power was drawn from the main line. 
Variations in output were secured by increasing or decreasing the 
speed of the engine. 

A water trap, gas meter and a 1-inch R.G.T gas filter were installed 
on the gas feed line to the engine. No other gas cleaning devices were 
used. The gas supply was under a pressure of 11 inches of water. 
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The cooling water system of the engine was connected to the heating 
coils of the digester. Circulation of the cooling water was provided 
by the engine water pump. 

This set-up was placed in operation Mareh 22, 1935, and ran almost 
continuously until August 5. It was in operation a total of 2,475 hours. 
During this time, 23,700 kwh. were generated, equivalent to an average 
output of 9.6 kw. From March 22 to August 5, 3,564 kwh. were pur- 
chased. Thus, while the engine was in actual operation only 76.4 per 
cent of the total time for the period, 86.9 per cent of the total power 
required by the plant during the same period was generated by the 
engine-generator set. The average output of 9.6 kw., while more than 
enough to satisfy the average power demand of the plant, was not quite 
enough to carry two sewage pump motors plus the remainder of the 
plant. However, it was found that the engine had ample reserve power 
to step the output up to 14 kw. by increasing the speed slightly. 

The average gas consumption by the engine was 571 cubie feet per 
hour, or about 60 cubic feet per kwh. 

The engine used an average of five quarts of oil per day. This was 
not all burned, as there is considerable leakage from this partieula 
engine. Triton S.A.E. No. 30 oil was used. 

The engine was torn down for inspection and such repairs as might 
be necessary after it had been running steadily for about two months. 
The valves were found to be badly burned and warped due to the ex 
cessive heat. They were replaced with tunesten-vanadium steel valves. 
New spark plugs were also put in. No evidence of corrosion or pitting 
due to the use of the digester gas was found. 

The engine was torn down again after it was stopped on August 4. 
This time the valves were found to be in good shape, but again the 
spark plugs were badly burned. As before, absolutely no evidences 
of pitting or corrosion were found. Apparently, there had been no 
more wear than there would have been had the engine been operating 
on gasoline. 

The results of the use of the cooling water of the gas engine for 
heating the digester may be summarized as follows: It was found that 
the cooling water supplied ample heat to keep the digester at a tem 
perature between 90° and 100° I. during the summer months. If more 
heat than the cooling water can supply is needed for heating the 
digester during the cold winter months, a heat exchanger can be in 
stalled on the exhaust pipe of the engine. This, it is believed, will 
provide ample heat to keep the digester at a relatively high uniform 
temperature throughout the vear. 

A very marked improvement in sludge digestion was noted while the 
digester temperature was held between 90° and 100° F. 

The gas production by the digesting sludge declined somewhat as 
the temperature went up. The volume of gas produced per day never 
dropped below 20,000 cu. ft., which is more than enough to supply the 
engine for continuous operation plus the other uses of the gas for 
heating. 
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Permanent Set-up.—The results of the experimental work were so 
satisfactory that it was decided to make a permanent installation using 
this same engine and a generator. <A 30 kva., 220 v., 1,200 r.p.m. gen- 
erator was obtained and connected to the engine. It was immediately 
found that, when running at 600 r.p.m., the engine would not develop 
power enough to carry the maximum plant load. The engine speed was 
sfépped up to 700 r.p.m., leaving the generator at 1,200 r.p.m. At this 
speed the engine will develop enough power to carry the maximum plant 
load easily. While this speed is somewhat above the design speed for 
the engine, it is believed that, with a little more care, the engine will be 
able to stand it. 

This arrangement, of course, provides stand-by service in the event 
of failure of the main power supply. 

The records of only nine days of operation of this permanent in- 
stallation are available. The data for this period are :— 


Total running’ time—126.5 hours. 

Total power generated—1,640 kwh. 

Average power output—12.96 kwh. 

Gas consumption—667 cu. ft. per hour = 51.4 cu. ft. per kwh. 


These figures indicate that the efficiency of the engine-generator 
set is somewhat higher than the efficiency of the engine-motor set. 
While it is running, the engine-generator set carries the full load of 
the plant. The electrical circuits for the plant are so arranged that 
the plant load can be thrown either onto the main line power supply or 
onto the engine-generator set through the use of a two-way master 
switeh. 

Estimated Savings in Power Costs.—-lIt is estimated that the set will 

run about 22 hours a day, and that the valves will have to be ground 
about once a month. The valve grinding job can easily be done by one 
man in 8 hours. The engine, therefore, will be operating about 94 per 
cent of the time. 

As stated above, the cost, at utility rates, of the power used by the 
plant averages about $2.95 per m.g. The saving in power costs through 
the use of the gas engine and generator will be 94 per cent of $2.95 or 
$2.77. 

The engine uses about five quarts of oil per day at a cost of 15 cents 
per quart. Assuming an average rate of sewage flow of 1.5 m.g.d., the 
cost of lubricants for the engine will be $0.50 per m.g. Repairs for the 
engine are estimated to cost about $0.15 per m.g. 

The net saving, exclusive of fixed charges, which will be obtained 
through the use of the gas engine and generator for generating power 
will be about $2.12 per m.g., or $1,170 per year, under present conditions. 

CONCLUSION 

The generation of electricity at the Palo Alto Sewage Treatment 
Plant with a remodeled gasoline engine, using digester gas for fuel, 
is felt to be a highly successful anc economical procedure. Between 
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90 and 95 per cent of the power required for operating the plant can be 
generated at the plant resulting in a net saving of $1,170 per vear at the 
present time. 

The use of the gas engine will also furnish a means of heating the 
digester through the use of the engine cooling water. This will result 
in greatly improved sludge digestion. 

The ability to generate power at the plant will provide stand-by 
service in case of failure of the main power supply from the outside. 

The remodeled gasoline engine which is being used is, of course, 
quite inefficient when using digester gas as fuel. Considerably more 
power could be developed, with the same gas consumption, if an engine 
which had been designed for gas were to be used. However, the present 
engine has ample power to carry the plant load for some time to come, 
and there is more than enough gas available. When more power than 
the present engine can supply is required, a larger and better gas engine 
will be installed, but until then, it is cheaper to use the remodeled 
engine. 

The present supply of gas is enought to develop about 50 per cent 
more power than is now being generated. 

Most of the credit for the success of the work which has been done 
at Palo Alto towards the generation of power from digester gas should 
go to Mr. Dunean MeLachlan, Chief Engineer of the Palo Alto Water 
Works. 














MINNEAPOLIS-SAINT PAUL SEWAGE DISPOSAL 
PROJECT * 


By GrorGceE J. SCHROEPFER 


Assistant Chief Engineer, Minneapolis-Saint Paul Sanitary District 


Historical Review.—In view of the large amount of preliminary 
information that was secured by various investigators concerning the 
coudition of the Mississippi River and remedial measures, this paper 
would not be complete without a brief review of the early history of 
the project. The condition of the Mississippi River was a subject of 
concern to many as early as fifteen or twenty years ago, but it was not 
until 1923 that any official recognition was given to the condition of the 
river. In that vear the State Board of Health addressed communiea- 
tions to the City Councils of Minneapolis and Saint Paul, calling their 
attention to the situation and urging that steps be taken immediately 
{ov improve the condition of the river. No action having been taken 
on this communication, a similar one was addressed to the City Councils 
in 1925. Partly as a result of these communications and the interest 
taken in the project by civie groups, a Joint Interim Committee of the 
\innesota and Wisconsin Legislatures was appointed, which enlisted 
the services of the United States Publie Health Services in an investi- 
vation of the Mississippi River. This investigation covered the period 
from June, 1926, to August, 1927. The 1927 session of the Minnesota 
Legislature passed an act providing for the creation of the Metropoli- 
tan Drainage Commission with power to study and recommend means 
of alleviating the offensive river conditions. This Commission fune- 
tioned continuously from June, 1927, to November 1, 1933, and investi- 
vated a number of phases of the sewage disposal problem, including 
the determination of the present and future quantities and charac- 
teristics of the sewage, the collection and analysis of samples from a 
long streteh of the Mississippi River, studies of the type and degree of 
treatment to be installed, and investigations of thirty alternate pro- 
jects with variations, with consideration being given to eight possible 
treatment plant sites. As a result of its six-year investigation of the 
problem, the Drainage Commission recommended a combined system 
for the Twin Cities with a single treatment plant in the Pig’s Eye 
Lake district below Saint Paul. The preliminary investigations made 
by this commission were of great value in expediting the work of the 
Sanitary District after its organization. The Board of Trustees of 
the Sanitary District, soon after its organization, adopted the plan 
which had been recommended by the Drainage Commission denoted 
as Project I,,, adopted the general plans for this project prepared by 
the Commission as its comprehensive plan and adopted one of three 

* Presented Before the Eighth Annual Convention of the Central States Sewage Works 
\ssociation, Urbana, Il]., Oct. 26, 1935 (Brought up to date as of Jan. 3, 1936). 
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programs of procedure and work which had been investigated by the 
Commission. 

Salient Features of the Project—At the 1929 and 1931 sessions of 
the Minnesota Legislature, bills were introduced providing for the 
ereation of a Sanitary District, but it was not until the 1933 session that 
the Sanitary District Act (Chapter 341, Minnesota Session Laws of 
1933) was passed. This act authorized the creation of a sanitary dis 
trict embracing Minneapolis and Saint Paul, with provision for con 
tracting with satellite communities, and provided for a Board of 
Trustees made up of three members from each of the two cities and 
one from the State at large. The act provides for the apportionment 
of costs on the following basis: works used exclusively by each city to 
be built and paid for by that city; works used in common to be appor 
tioned as to construction costs on the basis of assessed valuations of 
the two cities and as to operation and maintenance costs on the relative 
sewage volumes contributed by the two cities. The Act necessarily 
divides the project into three main divisions: the works used exclusively 
by Minneapolis, which are estimated to cost approximately $3,240,000 ; 
the works used exclusively by Saint Paul, estimated to cost approxi- 
mately $2,350,000; and the works used in common, consisting of inter 
cepting sewers estimated to cost $6,515,000, and treatment works 
estimated to cost $3,375,000. The total estimated construction cost of 
the project is approximately $15,500,000. 

The intercepting sewer project involves the collection of the 
sewage from the two cities, conducted to the intercepting sewers by 
approximately 1,200 miles of existing lateral and trunk sewers, which 
have a combined capacity at the outlets of 18,000 cubic feet per second. 
In connection with the construction of the project, approximately fifty 
three miles of branch and main intercepting sewers will be built, of 
which approximately seventeen miles will be used exclusively by Min- 
neapolis, 20.5 miles exclusively by Saint Paul, nine miles in common by 
the two cities and 6.7 miles of state and federal and future connections. 
The sewers vary in size, the smallest having a diameter of six inches, 
the largest being a 13 ft. 10 in. diameter section having a capacity of 
947 eubie feet per second. By way of comparison, this is approxi- 
mately two times the low river discharge at Minneapolis. While all 
the works are being constructed in accordance with a comprehensive 
plan prepared by the Sanitary District, it is only over the works used 
in common that the Sanitary District has direct control and super- 
vision. The project is being financed by a loan and grant from the 
Federal HKmergency Administration of Public Works. Up to the 
present time, however, no loans have been made from the Federal 
Government because of the low interest rate it has been possible to 
secure from private sources, most of the bonds having been sold at 
rates of 3.5 per cent or under. 

Present Status of Project—Construction of the Twin City sewage 
disposal project was begun July 13, 1954. At this writing, 33 major 
construction contracts totaling $6,580,154.81 have been awarded by the 
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Distriet and the Twin Cities, of which 17 for a total of $4,595,339.26 
are under District supervision, 7 for a total of $1,079,135.55 are under 
City of Minneapolis supervision, and 9 for a total of $805,600.00 are 
under City of Saint Paul supervision. All the work is being done 
under contract except that under direction of the City of Minneapolis 
which is being done by the city under a well established and directed 
day-labor system. 

Only a small amount of work remains to be awarded on the inter- 
cepting sewers used in common, amounting to an estimated total of 
approximately $800,000. A total of approximately 88 per cent of 
length of the intercepting sewers used in common has already been 
awarded. Up to October 1, 1935, a total of $2,500,000 of construction 
work had been completed. In connection with the treatment plant, one 
contract for the screen and grit chambers has been let and plans and 
specifications are in preparation for the remainder of the plant. It is 
the expectation that the project will be completed by the spring of 1937. 

It may be of interest to those connected with similar projects to 
deseribe briefly some of the interesting features and unusual conditions 
encountered in the construction of the intercepting sewers. The major 
part of the intercepting sewer is located in St. Peter sandstone, which 
material has, in general, very little cementing material and is at dif- 
ferent depths and locations of widely varying characteristics. In 
some locations it has been possible to excavate the tunnel without 
sheeting or bracing of any kind and other places relatively tight sheet- 
ing and heavy timbering have been required to insure the stability of 
the exeavation. The major portion of the work, however, has been 
timbered, by methods considered by the contractors to be best adapt- 
able to the conditions that were encountered on their particular jobs. 
A number of ingenious methods of construction have been developed on 
the several jobs, chief among which is the method of transportation 
and removal of the tunnel muck. Instead of the usual and customary 
practice of mucking the sand either by hand or with suitable mucking 
machines, loading on ears and hoisting to the surface, the sandstone 
after being loosened (Fig. 1) is pumped to the surface by suitably 
designed pumps having rubber-lined impellers and casings (Fig. 2). 
The method described briefly consists in sluicing the loosened material 
to the intake of the pumps, which raise the material and water in some 
cases 200 feet to the surface of the ground. Relatively large quantities 
of water have been encountered on various jobs. The maximum rate 
of pumping on any one job was approximately 4,000 gallons per minute, 
and the total of the maximum rates on four sandstone tunnels amounted 
to as much as 15,000,000 gallons per day. 

Type of Treatment Plant.—(A) The Engineers of the Minneapolis- 
Saint Paul Sanitary District have made investigations of the type of 
treatment to be employed on this project since the organization of the 
District in 1933. In connection with these investigations, the data that 
had been assembled by the Metropolitan Drainage Commission were 
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valuable. The Engineering Board * in a report to the Board of Trus- 
tees dated October 22, 1934, recommended that chemical treatment be 
adopted as the type of plant best suited to the Minneapolis-Saint Paul 





o> 


Fic. 1—St. Peter sandstone encountered in majority of Minneapolis-St. Paul sewers, and 
procedure used for its excavation and removal. 


project. This report was reviewed by three consulting engineers, Mr. 
Cunningham of the firm of Fuller and McClintock, Mr. Greeley of 
Greeley and Hansen, and Mr. Townsend of Consoer, Townsend and 
Quinlan. Two of these consulting engineers, namely, Mr. Cunningham 
and Mr. Greeley, concurred in the recommendations of the Engineering 
Board. In this connection it should be mentioned that the engineers 
of the Sanitary District, as a result of both their independent and co- 
operative studies with the Engineering Board, were in whole-hearted 
agreement with the type of treatment recommended. All of the con- 
sulting engineers concurred in the recommendation to the engineering 
board as to degree of treatment necessary. The Board of Trustees on 
December 18, 1934, adopted chemical treatment for the Twin City 
project. On December 19, 1935, the Board, on recommendation of the 
Engineer, after review by Consulting Engineers Professor Bass and 
the firm of Fuller and McClintock, adopted a general plant layout and 
basic operating rates for design. 

In the investigation of various methods and degrees of treatment, 
thorough consideration was given to the present and future require- 

* Engineering Board appointed by PWA comprising C. W. Kutz, Chairman, Professor 
Frederic Bass and William N. Carey. 
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ments of the Mississippi River, in connection with which the large 
amount of data on the river collected from 1926 to 1934 was extremely 
valuable. The Mississippi River fluctuates widely both as to character- 


V2 T- CONTRACT {05 ~ JOBe OR 
es fa Tunne/ “Arif 6/735 
_ 


mn 


BE . ~" ‘ re) | — 
S.A vee 


Fic. 2.—Pumps used for lifting disintegrated sandstone to the surface. 





istics and rate of flow necessitating, for reasons of desirability and 
economy, a type of treatment easily adjustable to the dilution require- 
ments. An excellent and thorough investigation of the degree of treat- 
ment made under the direction of J. A. Childs, deceased, Sanitary 
Kneineer of the District, indicated that under conditions of minimum 
stream flow, a reduction of approximately 70 per cent in biochemical 
oxygen demand would be necessary to maintain satisfactory conditions 
in the Mississippi River. An analysis of chemical treatment for all the 
sewage as against activated sludge treatment for a portion of the 
sewage, to obtain an overall reduction of 70 per cent, indicated marked 
economies in both first cost and total annual charges in favor of chemi- 
cal treatment. 

The sewage treatment plant will consist essentially of plain sedi- 
mentation augmented infrequently at times of low river discharge by 
chemical treatment. The frequency with which chemical treatment will 
be necessary is shown by the following. Considering discharges which 
occurred from 1892 to 1934, inclusive, and the 1945 estimated pollution 
load, studies indicate that, except for approximately 12 per cent of the 
(ime, plain sedimentation alone will suffice to maintain satisfactory 
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conditions in the river. Only during .this relatively small percentage 
of time will chemical precipitation be necessary. 

(B) Description of Plant Proposed.—tThe plant will be designed for 
the estimated 1945 flow of 134 million gallons per day from an estimated 
tributary population of 910,000. The main features of the treatment 
plant are shown in Figure 3. The treatment process will consist essen- 
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Fig. 3.—Flow diagram for parallel operation of treatment plant. 


tially of screens and grit chambers, mixing and flocculating tanks, 
settling tanks, and possibly sewage filters, and the sludge disposal 
process will consist of storage and concentration, vacuum filtration, and 
incineration. While all of the details of the design have not as yet been 
settled, the main features of the plant have been sufficiently developed 
and decided upon to afford a tentative presentation at this time of basic 
design assumptions. In view of the magnitude of the project, in rela- 
tion to the few operating chemical treatment plants and the rapidly 
changing status of sewage treatment, considerable thought has been 
given to flexibility and adaptability to developments which are likely 
to arise in the future. 

It is estimated that the following average overall reductions will be 
effected by the plant. During times when sedimentation alone is em- 
ployed a removal of 58 per cent in suspended solids and 37 per cent in 
five-day B.O.D. is expected. The addition of filters is expected to in- 
crease these removals to 74 per cent and 47 per cent respectively. With 
chemical treatment the removal of suspended solids is estimated at 83 
per cent and of five-day B.O.D. at 70 per cent. Filters are estimated 
to increase these percentages to 90 and 75 per cent respectively. 

The various features of the design were determined after considera- 
tion of existing local conditions and requirements; the writer wishes 
expressly to point out that varying conditions in other projects render 
many of the operating rates and design assumptions inapplicable. The 
various units of the plant are described in more detail as follows: 
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(a) Screen and Grit Chambers.—Upon entrance to the plant the 
sewage passes through two hand-cleaned coarse bar racks with 6 in. 
clear openings following which are four mechanically cleaned bar 
screens having 1 in. clear openings. After passing through the screens 
the sewage will enter the eight grit chambers which are approximately 
12 ft. wide 10 ft. deep and 65 ft. long. The velocity of flow through the 
chambers will be 1.18 ft. per see. at 610 m.g.d. and .45 ft. per see. at 100 
m.g.d. with all chambers in service. The grit will be removed by me- 
chanical seraping mechanisms and will be washed by means of screw 
conveyors. The sereenings will be incinerated either with or without 
shredding, dependent on the type of incinerator. The grit will be dis- 
posed of by dumping, for the present at least, with future operation 
studies to determine the economy and desirability of grit incineration. 

(b) Venturi Meters—After the sereen and grit chambers the sew- 
age will flow through two 108 in. by 60 in. Venturi meters, where the 
flow will be measured, and the flow so determined utilized in proportion- 
ing costs between the two cities as well as for distribution of flow 
through the various batteries of the plant, and for various operating 
purposes. 

(c) Mixing and Flocculating Tanks.—Mixing and floecculating tanks 
will be designed for a total detention period of approximately 26 min- 
utes, of which approximately 3 minutes will be devoted to mixing and 
23 minutes to flocculation. Air mixing and flocculation will be em- 
ploved, with the possibility of providing mechanical flocculation in the 
lower portion of the tanks. The flocculating tanks will be equipped 
with sludge scraping mechanisms so that they can be utilized as settling 
tanks during the relatively long periods between chemical treatment. 
The floeculating tanks are also so arranged that they can be used for 
post-ehlorination during such times as chemical treatment is not re- 
quired. 

(d) Settling Tanks—The settling tanks are to be designed for a 
detention period of approximately 120 minutes during such times as 
chemical treatment is employed and, by the utilization of the mixing 
and floceulating tanks during operation under plain sedimentation, a 
detention period of about 2.43 hours will be secured. The tanks are 
arranged for parallel operation alone but series operation can be ef- 
fected in the future, if found desirable, by the modification of channels. 

(e) Sewage Filters.—Alternate proposals will be received with and 
without filters. The filters, if of the magnetite sand type, will be 
designed for a rate of approximately 3 gallons per square foot per 
minute, based on average flow conditions. They would be installed as 
units integral with the settling tanks, or as separate units. 

(f) Sludge Storage and Concentration Tanks.—The sludge, after 
being removed from the settling tanks, will be pumped to two sludge 
storage and concentration tanks with a total capacity for two days’ 
storage on the average quantity of sludge produced during plain sedi- 
mentation, which is equivalent to approximately 30 hours during times 
of peak chemical treatment. During ordinary operation the period of 
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storage will be that needed for thickening, sampling and measuring 
the sludge. 

(9g) Vacuum Filters—The installed capacity of the vacuum filters 
will be based upon a rate of approximately 5 Ib. of dry solids per square 
foot per hour, using a quantity of sludge equal to 200 per cent of 
average quantity of sludge (including conditioning chemicals), pro- 
duced during sedimentation treatment. The average gross rate with 
24-hour operation and no units down for repairs will therefore be 
approximately 2.5 lb. per square foot per hour. The corresponding 
rate with chemical treatment is 4 lb. per square foot per hour. The 
filters will have capacity for approximately 180 tons of dry solids per 
day. 

(h) Incinerators.—The incinerators will be designed for approni- 
mately 180 tons of dry solids per day (sludge and chemicals), which 
is based upon a capacity equal to 200 per cent of the cake production 
during sedimentation treatment. It is estimated that the sludge dur- 
ing sedimentation treatment will have a B.t.u. content per pound of dry 
solids (including conditioning chemicals) of 6,500 and during chemical 
treatment of 4,650. Various types of incinerators are under con- 
sideration. 

(7) Chlorination.—In addition to its use in connection with chlorina- 
tion of copperas, chlorination for disinfection will be practiced during 
the summer season with a dosage of 10 p.p.m. when chemical treatment 
is not employed and a total dosage of 16 parts per million during chemi 
eal treatment. 

(7) Chemical Handling and Feeding—tInvestigation of present 
price quotations indicates that a combination of chlorinated copperas, 
chlorine and lime will be the most economical chemicals for use at this 
plant. 

Present plans provide for copperas and lime to be received loose on 
the spur track in the chemical building located over the grit chambers. 
These chemicals will be unloaded by pneumatic conveyors into overhead 
hopper bottom concrete storage bins having a capacity of about 700 
tons copperas (approximately 15 days’ supply) and 300 tons of lime 
(approximately 7 days). 

On the operating floor underneath the storage bins there will be five 
identical and interchangeable gravimetric type dry chemical feeders, 
of which two ordinarily will be used for copperas, two for lime, and one 
will be a spare. The feeder will be equipped with indicators and re- 
eorders. There will be three jet-type solution chambers for copperas 
and two continuous type lime slakers. The copperas solution will flow 
to a small closed reaction tank where chlorine solution will be added in 
the ratio of one pound chlorine to eight pounds copperas plus an excess 
for disinfection when pre-chlorination is desirable. The chemical solu- 
tions will flow by gravity to the points of application in the mixing tank. 

(k) Chemical Dosages for Sewage Treatment.—The chemical feed- 
ing equipment is being designed for dosage of approximately 85 parts 
per million of chlorinated copperas, 75 parts per million of lime and 16 
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The actual dosages as an ordinary 


parts per million of chlorine. 
operating routine are expected to be considerably less than these 


quantities. 

(1) Sludge Conditioning—Chlorinated copperas and lime will be 
used for sludge conditioning. 

The work of the Sanitary District is under the direction of C. C. 
Wilbur, Chief Engineer, and the sewers used exclusively by each city 
are under the direction of the City Engineers, Fred T. Paul of Minne- 
apolis and George M. Shepard of Saint Paul. William N. Carey is 
Project Engineer of the Federal Emergency Administration of Publie 


W orks. 











MAGNETITE FILTERS IN SEWAGE TREATMENT * 


By S. I. Zack 


Sanitary Engineer, Filtration Equipment Corporation, 10 E. 40th St., New York 


In the past few years considerable information has been obtained by 


Filtration Equipment Corporation in co-operation with engineers of 


various municipalities on the performance and application of magne 
tite filters. The data indicate the practicability of mechanically strain 


ing out solids which normally are discharged over the weirs of the 


ordinary primary or secondary sedimentation tank. 


Biologie filters composed of coarse and fine stone have been used for 


a good many years. Their development is associated with nitrification 
of organic matter rather than as a means of filtering out suspended 
solids. These filters slough off, producing solids which are extremel) 
difficult to settle out even by means of humus tanks which usually fol 
low. The effectiveness of sand filters for the removal of suspended 
solids has been more pronounced. Since it has been necessary to op 
erate sand filters at low rates, requiring large areas, with frequent 
elimination from service for cleaning due to clogging, their use has not 
become widespread for the purpose of straining out solids. 

The magnetite filter, developed during the past five years, provides 
a means of rapid mechanical filtration with a positive device for auto 
matically keeping the bed clean. 

Since the magnetite filter has been adequately described in previous 
publications there is no need for repetition here. 


OPERATING ISxPERIENCE 


In general, the following includes a comprehensive summary of 


published and heretofore unpublished data covering the results of 
about: 4 years at Dearborn on chemical treatment; 1 year at Coney 
Island on primary sedimentation and chemical treatment, where a tank 
with a magnetite filter was operated in parallel with a plain sedimenta 
tion tank not so equipped; 7 months on settling and filtering of acti 
vated sludge aeration liquor at the North Side Treatment works of the 
Sanitary District of Chicago; 6 months with and without chemicals at 
Perth Amboy, New Jersey; and 6 months in connection with trickling 
filters at Atlanta, Georgia. The results of these investigations furnish 
analytical and engineering data to serve as a basis for establishing the 
appropriate application and design of magnetite filters for any particu- 
lar set of local conditions. 

At the present time, the magnetite filter is considered to be merely 
a device for mechanical removal of suspended solids and improving 
tank hydraulics. Any reduction in B.O.D. would be the result of the 

* Presented Before the Eighth Annual Convention of the Central States Sewage Works 
Association, Urbana, Illinois, October 26, 1935. Brought up to date as of January 1, 1936. 
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value of a corresponding amount of suspended solids in terms of B.O.D. 
and might vary for different sewages. Therefore results on the basis 
of suspended solids removal is principally dealt with. B.O.D. results 
are ineluded in some eases. 


MAGNETITE FILTERS AND Primary SEDIMENTATION 


Coney Island.—The following shows a summary of the investiga- 
tions on filtering of primary effluent carried out at Coney Island in eo- 
operation with the Department of Sanitation of New York. Two 6 ft. 
diameter tanks were used, one plain tank and the other one equipped 
with a magnetite filter. Due to limited pump capacity, parallel opera- 
tion was discontinued during Test No. 20-C and 20—-D for the purpose 
of operating the magnetite filter at high rates. Tests No. 20—B, C, and 
1) each represent 60 or more hours of continuous operation at filter 
rates above normal. The other tests represent operation for 3 to 7 
days. Loss of head through the magnetite filter ranged between 1 and 
2.5 inches. No clogging was experienced and the filter remained self- 


cleaning. 








Taste I.—Parallel Operation—No Chemicals Added—Comparing Plain Sedimentation Tank with 
Filter Equipped Sedimentation Tank 
Suspended Solids 
vee dant 3 = 
Det one Period Filter Parts per Million Pet. Removed 
Test mS Rate Gal. | ——--—-—--——-___-_______—_ 
No Sq. Ft. | ; 
; rt Min. | I fluent 
| P nase Settler Filter 
| Sewage 
Settler Filter | Settler Filter 
2.25 1.92 0.95 142 60 40) 58 72 
5 1.21 es 3.28 105 66 38 37 64 
7 1.01 1.01 3.33 73 19 31 33 58 
S 2.00 2.02 1.81 | 105 59 26 tt 75 
1] 0.98 1.00 1.84 89 65 37 27 58 
ll-a 1.98 1.93 1.89 117 72 1-4 38 62 
20 2.00 2.00 1.84 56 42 22 29 61 
20—b 1.00 1.00 3.73 102 82 16 20 5D 
20-¢ 1.81 4.02 119 o4 — a1) 
20-d 1.23 5.96 129 61 56 


Even with the short sedimentation periods preceding the filter and 
the high filter rates, the effluent was better than from longer periods of 


detention in plain sedimentation. 


However, the fact that the magne- 


tite filter remains operative at these high rates of filtration is more 
important than the quality of effluent obtained, since it affords the 


flexibility necessary for meeting storm flow conditions. 


Table II compares the average results of plain and filter settlers 
according to two groups of approximately equal detention periods. 


One hour sedimentation followed by filtration at the rate of about 
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3 gal. per sq. ft. per min. resulted in a better effluent than approxi 
mately 2 hours of sedimentation without filtration. 


TaBLE II].—Comparison of Removals—Plain Sedimentation Tank with Filter Equipped Settling 
Tank—Parallel Operation—No Chemicals Added—1 and 2 hr. Detention 


Settler Filter Settler Filter 
Detention Period 2.05 1.97 1.05 1.03 
Filter Rate gal./sq. ft./min ~ 162 ;,° — 3.04 
Susp. Solids p.p.m. Raw Sewage 105 105 92 92 
Effluent. . . 58 33 66 38 
Removal. .. 47 72 26 54 
Pct. Removed 45 69 29 59 





Perth Amboy.—Table III shows the results of twenty-eight days 
operation when the clarifiers equipped with magnetite filters at Perth 
Amboy were operated without chemicals. In this tabulation are shown 
only those days when the liquor below the filter was also sampled. 


Tasie III.—Perth Amboy-Mechanical Filtration of Settled Sewage. Results of Operation When No 
Chemia als Used 


Suspended Solids 5-Day B.O.D. 
pe Flow | Raw Under : a PPM) Pet. |Raw| nder| Filt. | BP] Pet. 
Sew- Fil “a yt cp Overall | Sew-| Y2GE"| Final c ™M. | Overall 
nce | Filter| Ef- by adiet | anes Filter | “jag Radoe 
age fluent | Filter educt. | age Ht. | a educt. 
Sept. 7......| 3.03 | 216 | 140 49 91 77 244 | 246 134 112 44 
S...<s...) eee. | 138 88 56 32 59 179 | 164 107 57 40 
9. .| 3.86 | 236 110 85 25 64 153 169 | 126 43 18 
10 : 3.38 | 128 118 73 45 43 246 | 225 151 74 35 
1D. . .| 2.60 | 174 92 44 46 75 293 | 153 123 30 58 
16 2.76 | 294 148 96 52 68 382 | 265 220 35 $2 
ee 3.07 | 426 | 144 88 56 79 472 | 189 161 28 66 
18 2.53 | 284 122 78 44 73 259 | 117 125 8 52 
19. 2.85 | 258 118 75 43 71 332 183 156 27 53 
29. 2.55 | 166 174 40 134 61 263 198 163 35 38 
30. 3.12 | 240 | 256 78 178 68 354 195 195 0 45 
Oct. 1 3.06 | 358 |} 103 67 36 81 234 144 131 13 45 
2. 2.58 156 120 64 56 59 376 | 273 168 105 55 
3 2.55 | 236 128 80 48 66 235 | 207 196 te 20 
ie 2.55 | 182 | 106 80 26 64 — — - 
13 ..| 2.06 | 176 67 49 18 72 255 | 208 216 8 16 
14 2.59 | 188 64 57 7 70 370 | 272 238 34 | 36 
15 2.30 | 210 90 65 25 69 315 | 235 | 211 | 24 | 33 
16 2.64 | 240 97 50 47 79 165 | 1385 | 125 | 10 | 25 
17 2.27 | 263 | 128 80 48 70 174 160 155 | 5 | 11 
24 2.72 | 254| 166 86 80 66 |*363| 307 | 100 | 207 | 73 
Ze. 2.57 | 224) 121 118 3 47 263 | 235 | 215 | 20 | 18 
23 3.03 | 312] 148 | 97 | 51 69 | 237] 194 | 161 | 33 | 32 
2¢.. 2.03 | 120 68 38 30 68 249 | 233 215 | 18 | 14 
2B. 2.2.) eto | 306) 111 85 26 78 333 | 210 | 200 | 10 | 40 
i 2.79 | 162 94 65 29 61 228 | 206 | 199 | | 3S 
30......| 6.61 | 196 | 117 68 49 65 -}|—}|—|]—| - 
Ie 5.01 8 104 38 | 66 30 | — — | — = 
Ave rage......| 2.96 | 225 120 69 51 70 279 | 204 167 37 | 47 


* Oct. 21st. 
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Table IV shows the average operation and analytical results for 
October when the Perth Amboy plant was operated without chemicals ; 
and for November when only a small amount of lime to aid sludge con- 
ditioning was added to the sewage during a part of the month. Ex- 
cepting 3 days when the suspended solids in the effluent exceeded 
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Fig. 1.—Perth Amboy Treatment Works. 


9%) p.p.m., there was relatively little variation in suspended solids dis- 
charged during the 2 months. The maximum flow treated in the elari- 
fier was 6.29 m.g.d. on November 28th. 

Chemicals were applied to the sewage from September 11 to 14 and 
September 20 to 28 (inclusive). The entire plant was by-passed from 
October 6 to 9 (inclusive) for the purpose of cleaning the wet well. 


TaBLe IV.—Perth Amboy Operating and Analytical Results. Two Months 
No Chemicals Except as Noted 


Suspended Solids 5-Day B.O.D. 
> ™ Filter 
1935 Flow | Det. Per) Rate/Gal./ — 
| * | Sq. Ft/Min. | y¢ | pe | Pet. | ror | eg | Pet 
wi ** | Rem. sag ~ * | Rem. 
Oct 2.79 3.4 0.76 200 3 a ee 264 186 30 
Nov 3.27 2.8 0.89 185 | 58 | 69 222 153 | 31 
Dec. 3.93 2.6 0.93 225 68 70 =| 262 | 181 | 31 


* Average of 220 lb. lime per m.g. added to sewage from November 12th to 30th for pre- 
conditioning sludge. 


All the sewage at Perth Amboy was handled in one clarifier, result- 
ing in a detention period based on displacement time of about 3.0 hours 
and a filter rate of 0.85 gal. per sq. ft. per min. for the period of op- 
eration without chemicals. An average of 120 p.p.m. suspended solids 
reached the filter as indicated by samples taken under it. The filter 
removed 51 p.p.m. or 23 per cent of the suspended solids in the raw 
sewage. An average of 37 p.p.m. or 13.3 per cent of B.O.D. in the raw 
sewage was removed. During this same period an overall reduction 
of 70 per cent in suspended solids and 47 per cent in B.O.D. was ob- 
tained. The lower B.O.D. removals in October and November may be 
attributed to 4 or 5 ft. sludge accumulations in the clarifier, 
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MaGnetite Fitters AppLiep TO CHEMICAL PRECIPITATION 


Results at Dearborn over a period of four years and now for sev- 
eral months at Perth Amboy indicate the workability as well as effi- 
ciency of magnetite filters on chemically precipitated liquors for pro 
ducing a clean looking effluent free from suspended solids. 





Fic. 2.—Magnuetite filter at Perth Amboy. 


Data obtained at Coney Island compare results of tests on chemical 
precipitation carried out in two tanks operated in parallel; one 
equipped with a magnetite filter and the other not so equipped. 


Summary or Drarsorn RESULTS 


Table V shows past and recent results of operation at Dearborn on 
raw sewage alone, from data obtained in co-operation with, furnished 
or published by Mark B. Owen, Superintendent of the Department of 
Public Works and Engineering, and EK. C. Miller, Engineer of Plant 
Operation of the City of Dearborn. Table VI shows the recent results 
by months. 

Changes at the Dearborn Plant completed and put in operation 
early in 1935 consisted of provision for about 5 minute air mixing and 
20 minute paddle flocculation and new lime and ferric chloride feeding 
machines. The use of paper was discontinued after the remodeling of 
the plant. Lime is added at the inlet and ferric chloride near the end 
of air mixing channel. 

The Dearborn results reported are for raw sewage alone treated 
in one clarifier. The Kast Side sludge was kept separate by being 
stored in the other clarifier, from which it went directly to the vacuum 
filters. The supernatant from the sludge concentration tank was dis- 
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charged to the sewage clarifier. It is of interest that during the past 
7 months one clarifier and magnetite filter was operating near its de- 
sien capacity and that the B.O.D. of the raw sewage has increased in 


TaBLe V.—Dearborn—Operating and Analytical Results—Raw Sewage Alone 


Filter 
Susp. Solids 5 Day B.O.D. 


Chemicals Used 


date : -- 
phan Flow | Det.| Rate Lb. per M.G. 
M.G.D.| per |Gal./Sq.) li | Per Per 
Rate | Hrs. |Ft./Min. Inf.) Eff. | Cent | Inf.| Eff. | Cent 
Lime | FeCl. | Paper Rem. | | Rem. 
May 21 to July | 
19, 1932... . El 3.6 0.51 245 | 235 212 | 212) 20 9] 112} 38 | 66 
Oct. 30 to Nov. | | | | 
28, 1933... 2.40 2.0-} 1.30 220 | 250 154 | 227; 18 92 | 113] 28 75 
Nov. 1933 to | 
April, 1934. . 2.02 7 8 147 306 73 =| 230; 19 92 | 128) 28 | 78 
May 1 to Nov., | | 
WSO scsnns 2.78 15 | 1.48 256 307 297 | 25 92 | 175] 43 76 





strength. This is partly due to new tributary sewers recently con- 
nected to the plant. At current prices paid for chemicals, the Dear- 
born sewage is being treated at a chemical cost averaging about $5.40 
per million gallons. 


Summary or Perro AmbBoy CHEemIcAL TREATMENT RESULTS 
Table VII shows two months operation with chemicals at Perth 
Amboy. Data are from records by Louis P. Booz, Consulting En- 
gineer and Mr. Frank A. Leahy, Superintendent supervising operation. 
All of the sewage reaching the plant is treated in one clarifier, which is 


TasLte VI.—Dearborn—Operating and Analytical Results—Raw Sewage Alone. May to November 
1935, inclusive 


’ 


Chemicals Suspended 5-Day B.O.D. 
= Solids 
Filt. | 
Rate = 
tase | Webs lias 
Date | pelege? Rec. | = Used per 
Hrs. Ft. | M <G. ( ait Inf EF Pet ; I , Ef Pct. 
| NY i ee WG ee lige (ReeMal fae oer 
Lime | FeCl. | 
May : 3.87 1.10 | 2.06 | 152 256 | $4.30} 101 | 25 76 O5)| Si 62 
June 3.38 1.25 | 1.81 | 155 | 248 4.19} 191] 21 89 | 141} 37 74 
July 3.05 1.389 | 1.63 | 286 | 272 4:79| 357 | 22 | 94 |2191 53 | 76 
Aug yf 1.55 | 1.47 | 300 | 327 | 5.80| 460] 27 94 195 | 36 | 82 
Sept ...| 2.18 | 1.95 | 1.17 | 312 | 380 | 6.63/375| 31 | 92 |226) 49 78 
Oct 1.97 | 2.16 | 1.05 | 440 | 412 7.45 | 356 | 83 | 91 201 | 46° | 27 
Nov 2.23 | 1.90 | 1.20 | 200 | 264 | 4.56 | 235) 19 92 145 | 42 | 71 
Average.........| 2.78 | 1.58 | 1.48 | 256 | 307 | $5.39 | 297 | 25 | 92 | 175 | 43 76 


| | | | | | 
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TasBiLE VII.—Perth Amboy Operating and Analytical Results. Two Months Using Chemicals 


Filter 
Suspended | -p.. 

epencee | 5 Day B.O.D. 

Chemicals 

cane wee 8 

Flow et. | nate per M.G. 
M.G.D. | Be | Ral./Sa. Per Per 
rs. | BU./ Min. Inf. | Eff.| Cent | Inf.| Eff. | Cent 
Lime | FeCl, Rem. Rem 
July, 1935... ; 2.56 3.4 0.70 643 | 291 | 215) 21 90 | 242! 86 65 
Aug., 1935. 2.92 3.2 0.79 675 | 214 | 264/ 35 87 | 271/116 55 


running at about half design capacity. During September, 1935, opera- 
tion without chemicals was started and the results are reported in 
another part of this paper. It is expected the chemicals will be used 
only during the summer months. 

Ferrie chloride is introduced in liquid form at the pump suction. 
Lime is added at the inlet of the floceulator. Mixing is effected by an 
air floceulator which, at present flows, has a detention period of ap- 
proximately 30 minutes. 

The Perth Amboy sewage is highly industrial; strength and char- 
acter vary over a wide range. During a 24-hour period pH values 
from 2 to 9 have been observed. Lack of familiarity of adjustment of 
chemical feed for these sudden changes, erratic dosing and accumula 
tion of sludge in the clarifier for a period of as long as 8 or) days have 


TaBLeE VIII.—Perth Amboy—Mechanical Filtration of ( 'hemically Precipitated Sewage. Results of 
Operation in September, 1935, When Chemicals Used 


a Suspended Solids 5 Day B.O.D. 
Date . 
ts Flow 
1935 . as Per - Per 
M.G.D. M1. nye 
Sept. | M.G.1 Raw : : E i Cent | Raw . : F i | Cent 
Li so .. | Under | tered 1 . | Under | tered 3% 
ime | FeCl; | Sew- | py... | Over- | Sew- | pa. | a: Over- 
; Filter | Efflu- Filter | Final 
age all Re-| age | age | all Re- 
ent : | El, | ° 
duction | duction 
1 2.78 504 234 750 28 96.3 532 | . 92 82 
2 2.67 525 195 | 372 37 90.0 400 | 115 | 71 
3 4.89 | 350 | 175 | 490 37 | 92.4 | 341 | | 84] 75 
4 | 5.40 315 127 158 12 | 92.4 | 109 59 44 
5 | 5.99 268 136 188 30 84.0 149 | 83 43 
11 3.35 598 196 130 82 48 63.0 166 112 97 42 
12 3.27 600 | 195 172 54 | 24 | 86.0 169 838 | 75 | 55 
13 3.30 620 | 240 | 274 Be 17 | 93.8 202 | 100 91 | 55 
21 2.85 605 252 340 — 35 90.0 202 | — 149 68 
22 | 2.52 635 256 116 74 22 80.0 225 119 133 4j 
23 | 2.58 709 382 184 61 22 | 88.0 | 324 | 1384 | 137 | 56 
24 | 2.46 660 276 320 130 28 91.3 | 392 | 139 129 | 42 
25 2.80 645 339 400 134 14 96.5 402 | 120 114; {2 
26 | 2.70 640 285 224 172 20 91.0 | 222 | 220 144 | 35 
|} — | 122] 50 





ay i | Bai 580 | 263 | 242 -— 25 89.7 | 244 


| 3.36 550 | 238 | 291 95 27 | 91.0 | 290 | 128 | 108 | 56 
| 
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undoubtedly had a detrimental effect on the quality of effluent, con- 
sequently affecting the chemicals required. The cost of chemicals has 
averaged about $8.00 per M.G. 

Table VI{I shows the results of operation at Perth Amboy with 
chemicals during September, 1935. The detention period was 2.8 hours 
and the filter rate .91 gal. per sq. ft. per minute. An average of the 
days when samples were available above and below the filter shows a 
removal of about 70 p.p.m. suspended solids and 13 p.p.m. B.O.D. Be- 
cause of the high chemical dose and long detention period, a minimum 
of work remained to be performed by the filter. Whereas the solids 
in the liquor below the filter varied from 52 to 172 p.p.m. the filtered 
effluent varied only between 14 and 48 p.p.m. 


CHEMICAL TREATMENT ‘'ESts—ConEY ISLAND 


Table [LX compares chemicals used and results obtained in the filter- 
equipped and plain tank at Coney Island. Data have been grouped 


TaBLE IX.—Comparison of Chemicals Used and Suspended Solids Reduction Between Plain 
Sedimentation Tank and Filter Equipped Tank Parallel Operation Coney Island Tests (Data Grouped 
According to Chemicals Used and Detention Periods) 


Chemicals , +: 
bs © | Suspended Solids 


Used 
Filter : i inka 
; Det. | 
Chem. Range | | Rate | LI ; 
Lb. per M.G. | Ber | Gal. Sq. ace | : 
| “"'8- | ¥t./Min. ae Inf. | Er, | Pet. 
- | Rem. 
Lime | FeCl, 
Lime 0-300 Settler 1.90 268 | 100 | 116 | 29 | 75 
FeCl; 0-250 Filter ...| 2.00 1.9 177| 41 | 116 | 27 | 77 
Lime 300-500 Settler Moe | 2.00 435| 190 | 130 | 30 | 77 
FeCl; 0-250 Filter ot hae 2.1 435| 190 | 130 | 15 | 89 
Lime 300-600 Settler 1.00 420| 200 | 126 | 30 | 76 
FeCl; 100-250 Filter. ..| 97 1.9 390 | 200 | 126 | 18 | 83 
Lime 300-600 Settler ...| 1.98 517| 288 | 124 | 23 | 82 
FeCl; 250-400 Filter. 1.98 1.9 344 172 | 124 | 13 | 90 
Lime 300-600 Settler. ee 1.00 627| 270 | 125 | 15 | 88 
FeCl; 250-400 Filter... . .98 1.9 397 | 240 | 125 | 9 | 98 
Lime 600 +. Settler -...) 1.00 814| 177 | 90| 24 | 73 
FeCl; 0-250 Filter.......... 98 1.9 | 683] 177 | 90] 15 | 88 
Lime 600 +. Settler. 2.02 655 | 201 | 102 | 30 71 
FeCl; 0-250 Filter ees 19 | 655] 201 | 102 | 22 | 78 
Lime 600 + Settler......... en - | 1015} 365 | 1388 | 11 | 93 
FeCl; 250-400 Filter. . cise ae 1.9 499| 292 | 1388 | 5 | 96 
Lime 0-300 Settler oes 1.01 458 | 353 | 107 | 19 | 82 
Chl. Copperas | | | 
250-400 Filter. . cove at O80 1.9 400 | 350 | 107 | 13 | 88 
| | | 
Lime 0-300 Settler.............. 2.00 | 417] 388 | 122 | 20 | 84 
Chl. Copperas | | | | 
250-400 Filter..................| 1.95 19 | 408] 348 | 122 | 11 91 


| | 
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according to quantities of chemicals used and detention periods of one 
or two hours. Two tests were with chlorinated copperas. The filter 
rate was from 1.9 to 2.1 gal. per sq. ft. per minute. These results in- 
dicate the following: 

1. The magnetite filter showed the greatest improvement in effluent 
over the plain tank, in shorter detention periods with low usage of 
equal amounts of chemicals. 

2. Effluents equal to the plain settled were obtained with much less 
chemical usage by the filter-equipped tank. 

3. Large dosage of chemicals and long settling periods resulted in 
only slight improvement by filtration. 

4. Effluents of higher quality, with less chemicals and in shortei 
time were obtained after filtration than by sedimentation alone. 


Summary MiIsceELLANEOUS CHEMICAL TEsts—Conety ISLAND 


Results of other tests carried out, for which data are available but 
not ineluded in this paper, are worthy of mention as follows: 

Paper pulp was added in some of the tests, but no conclusions were 
reached as to the possible advantages or benefits to be derived. 

Very good precipitation was obtained by iron salts at a pH of 4.5 
adjusted by sulphuric acid. The practical use of this treatment is of 
course limited by effects on structures. 

Pre-sedimentation followed by chemical coagulation and secondary 
settling, with sludge returned from the secondary to the primary tanks 
was tried in three tests; both with and without magnetite filters on the 
secondary tanks. No evidence of any advantages to be gained by pre- 
sedimentation or return of sludge for this tvpe of sewage were present 
either from data or observation. 


ACTIVATED SutupGE Trests—NortruH Sipe PLant CHICAGO 


) 


Tests with a 20 ft. diameter tank equipped with a 3 ft. wide filter at 
the North Side Sewage Treatment Works (reported This Journal, May, 
1935) demonstrated the workability of a magnetite filter on settling- 
filtering activated sludge aeration tank mixed liquor. 

Effluents of 4 to 5 p.p.m. B.O.D. were obtained at settling rates of 
2,000 gal. per sq. ft. per 24 hours and filtering rates of 2 gal. per sq. ft. 
per min. Suspended solids and B.O.D. of 8 to 10 p.p.m. were obtained 
at settling and filtering rates increased by 50 per cent. Operations at 
higher settling rates were limited by the inability to concentrate the 
sludge. At filter rates of 6 for short periods, 5 for periods of a day 
and averaging 4 gal. per sq. ft. per min., the effluent contained about 15 
p-p.m. suspended solids and B.O.D. 

Data of operation on settling filtering liquor taken half-way down 
the aeration tank indicated possibilities of reducing the aeration period 
and air used when final sedimentation is followed by filtering. This 
particularly adopts itself to an overloaded plant in lieu of extension, 











a 
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O) 
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or as a protective device to counteract under-activation, poor settling 
or bulking sludge. 
TrickLIne FILTERS 

A 20 ft. diameter tank equipped with a 3 ft. wide magnetite filter 
has been loaned to the authorities at Atlanta, Ga. Tests with this tank 
have been conducted at the Intrenchment Creek Plant under the joint 
direction of Mr. Wm. A. Hansell, City Engineer, and Mr. M. T. Single- 
ton, Consulting Engineer. 





Fic. 3.—Magnetite filter at Goshen, Indiana. 


The purpose of the test was to find a means of increasing the ea- 
pacity of the overloaded trickling filters. The tank with the magnetite 
filter was placed following the old Imhoff tanks and ahead of the trick- 
ling filters. At first the Imhoff effluent was precipitated with chlorin- 
ated copperas alone or with lime, settled and filtered in the magnetite 
filter tank and applied to the trickling filters at a rate of 6 m.g.a.d. It 
was later found that unsettled raw sewage could be precipitated with 
less chemicals than was required by the effluents presettled in the 
Imhoff tanks. 

In the course of these tests, the effluent from the magnetite filter was 
applied to the trickling filter at the same rate of 6 m.g.a.d.. When no 
chemicals had been added at any point previous. Tests were also made 
on raw sewage treated with chemicals, settled in the Imhoff tanks, dosed 
on the trickling filters at 6 m.g.a.d. and strained through a small filter 
bed of magnetite in the laboratory. 
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As the results of tests, it has been concluded that for Atlanta econ- 
ditions, automatic magnetite filters have their best application, follow- 
ing trickling filters dosed at high rates, for use as strainers on humus 
tanks which have only about 45 minutes detention instead of the usual 
1% hours. The Atlanta work is mentioned as part of the recent de 
velopment work with the magnetite filter. It is expected that operat- 
ing results and data will be available at an early date. 


Summary oF RemMovats By MaGNetirte Fitter anp Wasu WATER 

Summaries of analytical and operating data have been included to 
furnish evidence of the work performed by the magnetite filters and 
settling characteristics of wash water returned to the tank influent as 
follows: 


1. As indicated by samples taken just below the magnetite filter com 

pared with the final filtered effluent. 

2. By the solids actually trapped by the filter determined from samples 
of wash water. 

. Comparison of the difference in parts per million of total and volatile 
suspended solids and B.O.D. with total and volatile suspended 
solids in wash water. 

4. Comparison of settleable solids in wash water with raw sewage. 


(et) 


Table X shows Coney Island suspended solids results of analysis 
of wash water, raw sewage and filtered effluent, for tests when no chemi- 


TaBLE X.—Removals of Suspended Solids by Magnetite Filter—Coney Island Tests. Com- 
parisons from Wash Water and Differences between Parallel Operation of Settler and Filter Tanks—N 0 
Chemicals Used. Suspended Solids Results in Parts per Million 


Settled Effluent | Increase T , é 
—_ Filtered in ; —" 
ats del Effluent | Removal | Wash | Filter 
Je yer iii Actual | Coney of Filter Water Fiske. 
_ Resulte Coney | Island be all lated 
Island Settler 
July 31.. 92 48 32 | 648 32 
June 26.... 97 50 50 560 27 
July 18...... 100 50 57 46 1] 596 29 
Test 11A. 117 56 72 4 28 | 
pee. 5..... 129 62 47 648 31 
gune 29..2.-... 132 63 66 628 31 
Heb. 3....- 136 65 98 52 46 | 
Aur. 2.... 138 66 41 510 | 23 
July 17... 139 67 32 760 | 36 
July 19... ‘ 142 68 59 40 19 616 | 29 
uty 2s....... 144 69 90 48 42 670 32 
gune 24........ 144 69 58 464 | 20 
Feb. 9.. ; 154 74 110 56 54 
Feb. 10... 184 88 88 | 52 36 
July 26 184 88 76 =| 382 44 532 23 
OMY 24... .... 200 96 106 44 62 572 | 23 
July 22.......... 258 108 | a | 488 | 19 
Aug. 6. . 266 112 60 576 23 
July 13.. 282 118 | 74 397 | 14 
Aug. 1 300 126 44 628 | 25 








167 78 $4 49 38 | 580 | 26 
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cals were used. Measured flow of wash water for the tabulated period 
averaged 5.1 per cent. The suspended solids trapped by the magnetite 
filter averaged 26 p.p.m. after applying correction for solids already 
in the liquor reaching the magnetite filter. For those days when paral- 
lel tests were available, the filter tank removed an average of 38 p.p.m. 
more suspended solids than the plain tank. This indicates that the 
improvement of the filter results over the plain settler was due to the 
following: 


|. Solids actually trapped by the filter. 

2. Because of the improved filter tank hydraulics by the distribution of 
effluent discharge through the large filter area as compared with 
a thin weir, a certain amount of solids that normally pass over a 
weir did not reach the filter. 


The location of the filter, therefore, evidently improves the hydraulic 
efficiency of tanks for sedimentation in addition to its ability to remove 
a certain amount of the solids reaching it. Velocities approaching the 
filter are lower than velocities approaching the ordinary weir. 

Table XI summarizes the average removals based on samples taken 
below and above the filter for plain sedimentation (no chemicals) at 
Coney Island and Perth Amboy; chemical treatment at Perth Amboy 
and activated sludge liquors at the North Side Plant, Chicago. The 
maximum and minimum shown refer to the solids reaching the filter. 
The B.O.D. removals shown for Perth Amboy are for those days when 
maximum or minimum suspended solids reached the filter. The data 
indicate removals by the magnetite filter, based on samples before and 
after filtering, of 7 to 152 p.p.m. suspended solids and 13 to 75 p.p.m. 
B.O.D. The averages for the various conditions indicated are self 
explanatory. 

Table XII shows the total and volatile suspended solids, B.O.D. re- 
moved by the filter, the total and per cent volatile suspended solids con- 
tained in the wash water, and the per cent of the total sewage flow 
Which was retained as wash water at Perth Amboy for the periods of 
operation with and without chemicals. The parts per million removed 
by the filter are differences between samples taken below and above the 
filter. The cleaner was operated intermittently until September 11, 
1935, and then was set to operate continuously, with the wash-water 
return pump discharging its maximum capacity. When the full ea- 
pacity of the clarifier will be reached in the future, the total quantity 
of wash water returned will be the same but the per cent of return will 
be decreased about half. 

In non-chemical treatment an average of 49 p.p.m. suspended solids 
was removed by the filter of which 59 per cent was volatile. The B.O.D. 
removed by the filter was 29 p.p.m. The per cent wash water ranged 
from 1.6 to 8.6 and contained from 450 to 1960 p.p.m. suspended solids. 
‘The wash water contained 67 per cent volatile suspended solids. 

In chemical treatment an average of 67 p.p.m. suspended solids 




















TaBLE XI.—Summary of Removals by Magnetite Filters from Samples 
Taken Before and After Filtering 


Ret 

Approximate Dates | per. 

1935 Hrs. 

Coney 

June 1-7 1.0 
June 1-7 1.8 
Max. 1.8 

Pe rth 

September and 3.2 
October, 1935 3.1 
3.4 


September, 1935 


No 


No 


Set- 


tling 


Rate 


Gal. 
sq.it 
24 

hrs. 


Sept. 13, 1934 to Feb. | 2328 


10, 1935 2080 
2450 

Jan. 1 to Feb. 10, 1935 1410 
1880 

2050 


were removed, of 


Filter 

Rate 

Gal. 
Sq.ft. 


Min. 


Island 


3.7 
+.0 


A mboy 


0.85 
0.87 
0.79 


Perth A mboy With Chemicals 


0.79 
0.76 
0.95 


rth Side Plant, Chicago 


which 37 


SEWAGE 





Suspended Solids 


Raw 


Sew. 


Filt. | Eff. 


Plain Sedimentation 


95 69 44 
108 74 51 
160 120 74 


Plain Sedimentation 


240 120 71 
126 144 88 
138 8&8 56 


238 97 21 
224 172 20 l 
140 82 62 


-Activa 


Rem. 


WORKS JOURNAL 


BO:D. 


Under} Filt.| p.p.m.| Raw| Under Filt.) p.p.m. 
Filt. | Eff. 


Sew. 


No Chemicals 


25 
23 
46 


No Chemicals 


19 | 285 | 174 145 


56 172 | 189 | 161 
32 164 144 | 118 


76 | 274 131 118 
52 | 222; 220 | 144 
20 | 171 112 90 


ted Liquors 


34 10 | 24 Av. 
128 7 |121 Max. 
18 11 7 Min. 
35 16 | 19 Av. 


106 19 | 87 Max. 


51 14 


p.p.m. or 


oO. per cent 


34 Min. 


(Full aeration) 


(Partial aeration) 


was volatile. 





January, 193¢ 


Rem 


Av. 
Max 
Min 


Av 


Max 


Min 


The 


B.O.D. removed averaged only 13 p.p.m., on some of the days showing 


negative removals up to a maximum of 76 p.p.m. B.O.D. removed. 


The 


accuracy and technique of B.O.D. determination in chemical treatment 
is a subject undoubtedly requiring further investigation. 

The performance of the magnetite filter at Perth Amboy was in- 
vestigated by the Minneapolis-St. Paul Sanitary District under the 
direction of their Engineering Department, represented in the field by 
K. L. Mick, Chemist, under the general direction of Mr. C. C. Wilbur, 


Chief Engineer, and Mr. Geo. A. Schroepfer, Ass’t Chief Engineer. 
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Taste XII.—Comparison Suspended Solids and B.O.D. Removals by Filter and Wash Water, Perth 
Amboy, New Jersey, With and Without Chemical Treatment 





Susp. Solids Rem. | Wash Water 
by Filter—p.p.m. 
»y Filter—p.p.m BOD. 4 _ 
Date —_—_—| Removed | Pet. of 
| by Filter | Susp. Sol. Pet. | inte : 
Total Volatile p.p.m. Vol. : Fl age 
| 1OW 
Plain Sedimentation—No Chemicals 
Sept. 7 : 91 73 49 800 68 5.1] 
8 32 24 26 1190 71 1.6 
9 25 8 46 1960 67 1.6 
10 45 22 18 1230 5D 3.6 
15 : 48 15 30 450 69 8.3 
16 52 37 15 
17 56 34 28 744 68 oon 
18 46 33 — 8 558 69 8.6 
19 43 15 27 574 70 7.6 
\verage 19 29 29 938 67 5.4 
With Use of Chemicals 
Sept. 11 20 6 22 510 63 5.3 
12 30 15 8 285 58 6.1 
13 35 14 7 226 57 6.6 
20 49 16 —11 302 68 (P”- 
22 52 32 —14 180 67 8.6 
23 39 6 — 3 298 18 8.4 
24 102 68 10 266 65 88 
25 120 80 6 138 29 7.8 
26 152 100 76 198 52 8.0 
\verage 67 37 13 267 60 7.4 


SETTLEABILITY OF WasH WatER RETURN 


Particles of solids which normally do not settle in the sedimentation 
tank after being trapped in the magnetite filter and returned as wash 
water are quite settleable. This has been demonstrated by total and 
settleable solids determinations made on wash-water samples from time 
to time. 

Table XIII compares total and settleable suspended solids in raw 
sewage and wash water in non-chemical plain sedimentation tests at 
Coney Island. The settleable solids in raw sewage amounted to 58 per 
cent and in wash water 71 per cent of the suspended solids. 


EVALUATION OF MECHANICALLY STRAINED H/}FFLUENTS 


Mechanical straining of effluents places a new tool at the disposal of 
the sanitary engineer. How it shall be applied and used is his problem 
and not the subject of this paper. The data presented, however, indi- 
cate that the filter removes suspended solids not removed by the ordi- 
nary preliminary or final settling tank. This additional removal 
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TaBLeE XIII.—Percentage of Settleable Solids in Raw Sewage and Filter Wash Water. Non-Chem 
ical Plain Sedimentation Tests Coney Island 


Filter Tank Influent Wash Water 
Date : 
an ‘ Per Cent = lc | Per Cent 
é settleable | q | é Settieable | aq 
Total ettleable Settleable | Total ettleable Settleabl 
July 12.. 258 134 52 488 304 | 62 
| Eee ee 282 183 63 397 276 70 
(eee 139 9] 65 760 512 67 
| ee 100 69 69 596 451 76 
ae ere 184 109 60 532 392 73 
i are : : 92 18 20 648 | 476 42 
i 300 172 57 628 } 458 73 
eee : 266 172 63 576 382 68 
Average 203 118 58 578 410 71 


should minimize to a great extent the possibility of sludge forming 
depositions, especially in sluggish or stagnant receiving bodies of 
water. Greater benefits are therefore to be derived from the filtration 
of effluents, when measured by the dilution waters required, than indi 
cated merely by the per cent removal of B.O.D. alone. Some means 
are therefore required of evaluating an effluent of a definite B.O.D. 
content, which contains appreciable putrescible suspended solids, with 
one of similar B.O.D. content but containing a lesser amount of such 
solids. 


CONCLUSIONS 


The following conclusions may be drawn from the data on the mag 
netite filter : 

1. The magnetite filter and cleaner is mechanically adaptable to 
filtering—(a) plain settled, (b) chemically treated sewages, (c) acti- 
vated sludge aeration liquors and (d) trickling filter effluents. 

2. Maximum filter rates up to 6 gal. per sq. ft. per min. and average 
continuous filter rates from 2 to 3 gal. per sq. ft. per min. have been 
demonstrated. 

3. Positive greater removals of suspended solids, not removed by 
ordinary sedimentation, averaging 25 to 60 p.p.m. and maxima of over 
150 p.p.m. have been obtained by the filters. The suspended solids re 
moved are in direct ratio to the amount of solids reaching the filter. 

4, Loss of head through the filter is not excessive, normally reach 
ing a maximum of 3 inches of water. 

do. The filter bed provides protective features acting as a safety 
valve to counteract irregularities in operation which result in non 
uniform settling. The filter smooths out fluctuations and produces an 
effluent of greater uniformity. 

6. By installing a magnetite filter on a sedimentation tank it is pos 
sible to reduce the size of the tank volume required, preceding it, and 
at the same time produce a better effluent than from ordinary sedi- 
mentation. 




















al 
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7. Provides uniformity of effluent with minimum of chemicals and 
makes possible considerable savings in chemicals to produce an equal 
or better effluent than tanks without filters. 

8. For seasonal chemical treatment reduces the number of days 
during the year requiring chemical dosage. 

9, Provides an automatic mechanical means of polishing up acti- 
vated and trickling filter effluents. Effluents as low as 5 p.p.m. sus- 
pended solids and B.O.D. are possible. 
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SEWAGE DISPOSAL PRACTICE IN CANADA * 
By A. E. Berry 


Sanitary Engineer, Ontario Dept. of Health, Toronto 


Methods adopted for the disposal of sewage in Canada are many, 
and operating difficulties are varied. Climatic conditions, stream flows, 
type of plant and other related factors all have a direct bearing on the 
experiences reported. In comparatively recent years many modern 
plants have been placed in service. Some of these have been operated 
by technically trained men, others by men with no previous training or 
knowledge in this work. Both types of operators have been faced with 
many problems, the solution of which has helped to advance the knowl 
edge in this field. 

Sewage disposal works are increasing in number in all provinces 
of the Dominion. At present there are 71 municipal plants in Ontario, 
of which 31 are of the activated-sludge type. Many are for partial 
treatment only, while some are of a type now regarded as obsolete. 
This number of treatment works may seem few when compared with 
the number of urban centres, but it is well to remember that sewerage 
systems seldom make the rapid progress of waterworks, and also that 
many municipalities situated on large bodies of water have for vears 
discharged raw sewage into such bodies of water. 

Operating Difficulties—The chief operating difficulties have oc 
curred at plants of the activated-sludge type. This is to be expected in 
view of the sensitiveness of the method, and since it is a complete treat 
ment process, in which efficient results are expected. In recent years, 
with increasing knowledge of the intricacies of the process, methods 
have been devised to correct temporary upsets. Ontario plants have 
been influenced by such factors as the presence of septic conditions in 
the activated sludge, bulking of the sludge, injurious trade wastes, 
variations in sludge content, variations in the rate of sewage flow, 
inadequate capacity of the plant, depleted finances, weather and many 
other matters of a similar nature. 

Septic Conditions.—Probably one of the most frequently encoun 
tered difficulties in operation of activated-sludge plants in Ontario has 
been septic sludge in the aeration tanks. Its grayish or black appear- 
ance serves as a warning to the operator that the process is not func 
tioning properly. In some plants the sludge has taken the appearance 
of digested solids from an imhoff tank, or from a separate digestion 
unit. Apart from the interference with the condition of the effluent, 
objectionable odors are developed, and if the plant is unfavorably 
located complaints may be expected to follow. 

As to the causes of septic conditions, there may be several. In some 
eases the fault unquestionably lies with the plant itself; in others the 

* Presented Before the Second Annual Convention of the Canadian Institute on Sewage 
and Sanitation, Toronto, Oct. 17, 1935. 
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method of operation may well be open to question. An overloaded 
plant may be expected to react by turning septic. An example of this 
was found at the Spring Street Works at Kitchener, where prior to 
enlargement the plant was continually in a septic state. Increasing the 
air supply, chemical treatment and similar measures failed to bring 
about any lasting effects. The concentrated nature of the sewage 
reaching the plant left no alternative to an extension. Since this has 
been completed little difficulty has been experienced with black sludge. 

Plants with an inadequate supply of air may anticipate similar ex- 
periences with septie sludge, particularly in the warmer weather. At- 
tempts to conserve power costs by avoiding peak loads or by the opera- 
tion of more than a minimum number of compressors are fraught with 
danger. 

The unskilled or inefficient operator may readily throw out of ad- 
justment a well designed plant. The good results, on the other hand, 
which ean be accomplished by a skilled operator at a none too efficient 
plant is convincing proof of the part played by the person in charge. 
There are many ways in which operators may bring about septic action 
ina plant. Some of those which have been noticed at different places 
include unnecessary reduction in air supply, incorrect control of sludge 
content, delay in the return of sludge from the settling tanks, aceumu- 
lation of sludge in grit chambers, improper distribution of digested 
sludge overflow, ete. 

Too much emphasis cannot be placed on careful supervision of the 
plant. The control of a highly sensitive and important process is no 
responsibility for a man who is either disinterested, indolent, lacking in 
observation or who is not sufficiently interested to acquire knowledge ot 
the factors involved. 

The question for the engineer and the plant superintendent is ‘* How 
is this septie condition to be prevented or corrected?’’ Provided with 
a plant of sufficient capacity and a normal, uniform sewage, there are 
many measures available. Increased air delivery has proven to be 
a distinet aid in the correction of septicity. Chloride of lime has like- 
wise been a very valuable corrective agency. Any plant in which sep- 
ticity may develop should have a supply of chloride of lime on hand at 
all times. These two measures are probably the most valuable aids 
against septie action the operator has for emergency use. 

Bulking of Sludge.—Bulking of sludge in activated-sludge plants is 
a frequent trouble maker. A very good effluent may have been pro- 
duced, but suddenly the sludge refuses to settle and is carried over with 
the effluent ; or the operator note that the volume of sludge has increased 
tremendously. The settling test for the sludge in the aeration tank is 
not then a true indicator of the quantity of active sludge. To what 
extent thread-like, filamentous organisms appear in our activated- 
sludge plants is not well known. This condition has developed at least 
in the plants at London and Kitchener. The organism in these two 
cases was identified as actinomyces. It interfered with settling, and 
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the sludge became a stringy mass which would hang from screens, bars, 
or other projections. 

What is the cause of this bulking phenomenon? Opinions on this 
appear to lack unanimity. Different reasons have been ascribed, vary 
ing from excessive concentration of organic matter to the presence of 
excess carbohydrates. What effect has a deficiency or an excess 
amount of oxygen on the sludge? No specific cause for the filamentous 
growths at London and Kitchener seemed apparent. In one case they 
disappeared without any change in the operation, while in the othe: 
ehloride of lime quickly destroyed them. Experience with respect to 
bulking in the Canadian plants should tend to shed some light on th 
cause of this phenomenon. More complete record of observations at 
these times should be made available. 

Trade Wastes.—The interference of certain trade wastes with ac 
tivated-sludge plants, as well as with other types of treatment has bee 
noted at different places. This interference has taken the form of 
direct overloading as well as a toxic or similar effect upon the process. 
The policy of permitting all kinds of concentrated wastes to go un 
treated into the public sewers is open to criticism. In this country 
more than others, there has been much latitude given to manufacturers. 
Probably in the larger centres this is of less significance due to dilution 
of the wastes. In the smaller centres it is not infrequent to find such 
wastes making up a major portion of the flow reaching the works. In 
one plant the solids from a tannery caused a tremendous load on the 
sludge beds, another designed to treat 1.0 million gallons per day, was 
receiving buttermilk equivalent to about 300,000 to 400,000 gallons of 
sewage per day. In another, distillery wastes having a hydrogen-ion 
concentration of 3.5 interfered with the operation of a filter, because of 
the acidity and the amount of fine solids carried. Similar conditions 
are encountered in other places. It would seem only fair that such 
concentrated wastes should be given some preliminary treatment be 
fore they are discharged to the public sewers. The added cost for 
treatment of these wastes by publie funds cannot always be justified. 

Variations in Sludge Content.—The amount of sludge earried in the 
aeration tanks of the different plants varies within wide ranges. Some 
are able to get best results with less than 10 per cent, based on a half 
hour settling test, while some carry as much as 40 per cent. In warm 
weather the retention of an excess of sludge makes the prevention of 
septic conditions difficult. Where sludge disposal facilities are ade 
quate there is but little reason for carrying a high sludge content. 
Plant operators would do well to determine the figure which gives best 
results under different conditions. 

Variations in Sewage Flow.—Extreme variation in the flow of sew 
age reaching disposal works is not conducive to best results. Over- 
loading may occur, and settlement of solids be interfered with, both 
because of the high flows and the strength of the sewage at certain 
periods. This difficulty is found in a number of plants, and may be due 
either to normal variations in the sanitary flow; to intermittent pump- 
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ing; or to excessive storm water. Periodic pumping of sewage at high 
rates is particularly noticeable in the smaller works, where it tends to 
carry the liquid through the plant at a rate in excess of the designed 
capacity. Seldom does it reach the point where an excessive quantity 
of activated sludge is earried into the effluent. This latter condition is, 
however, experienced not infrequently in combined sewers when heavy 
storms occur. While it may be an effective remedy for the removal of 
surplus sludge, it is not a procedure to be recommended. 

Wide variations in sewage flow raise the question of the advisability 
of constructing balancing tanks. There are situations where such a 
procedure would be valuable not only in smoothing out the flow curve, 
but also in better mixing of the dilute and concentrated sewages. 

Inadequate Capacities.—Inadequate capacities in sewage treatment 
works may bring about conditions over which the operator can have 
hut little control. All too frequently a plant designed for a specific 
flow has long since reached its upper limit. Expenditure of money for 
sewage disposal seldom has much public appeal, and it is even more 
difficult to obtain funds for the extension than for the initial works. 
Asa result of this the engineer can scarcely be criticized if he provides 
at the beginning ample capacity for a number of years. <A better ap- 
preciation of the need for adequate treatment of sewage would lessen 
the problem of the engineer and the operator. 

Effects of the Weather—The weatherman may have a voice in the 
operation of plants, sometimes very noticeably and at other times in a 
less direct way. Hot weather and high sludge contents do not make a 
ood combination. Septic sewage, brought about by warm weather, as 
it reaches the plant is not desirable for best efficieney, and the operator 
must be ever alert when these conditions are present. Cold weather 
seems to have very little influence on the Ontario plants other than to 
create physical and mechanical difficulties for the operator. The freez- 
ing of air valves, the formation of sleet and ice on tractor rails and 
similar problems add to the concern of the man in charge. 

Training of Operating Personnel.—lt is only in the larger disposal 
works of this Province that technically trained personnel have been in 
charge. For the most part the operators are those who have had no 
previous training in plant operation. Some of these become very 
proficient, especially if they are ambitious enough to inquire after 
knowledge. Others, finding that they have little opportunity to see any 
plant other than their own, become discouraged. It is unfortunate that 
these men are not given greater means for acquiring knowledge. 
Courses of instruction would be most useful. Likewise an occasional 
visit by the operator to other plants would be most helpful, and would 
well repay the municipality concerned. 

Final Effuents——The effluent produced from the modern sewage dis- 
posal plant is a problem of much concern, and of course constitutes the 
basis for determining the efficiency of the works. What standard 
should we strive for, and what latitude may be allowed for local con- 
ditions? Variations may be expected both in the same plant and at 
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different plants. All these conditions may be somewhat confusing to 
the layman, and the operator is not always clear as to what is expected 
of him. 

Whatever standard may be considered as constituting a high class 
effluent, it goes without argument that the effluent should be such that 
local conditions will be satisfied. Moreover, it is unnecessary and w 
economical to carry treatment beyond a point which the condition of 
the receiving water makes necessary. 

The same standard for the effluent may not be required at all times 
of the year, and there is a growing tendency to take advantage of this 
variation. This requirement is particularly true in Canada where 
climatic conditions vary so greatly. For many streams, treatment of 
sewage has been required only because of increased biological activity 
during the hot weather, at which time the discharge of raw or partly 
treated sewage would create an offensive state in the water. In the 
winter months these conditions do not hold and an effluent of lower 
quality might suffice. Certain types of treatment lend themselves to 
this practice. There is, however, a tendency, where such a process as 
the activated-sludge is used, to fail to appreciate the need for effective 
operation during the summer if any lowering of standard is permitted 
during the winter. As a matter of policy, therefore, any change in the 
standard may be beset with difficulties. 

For obvious reasons it has not been considered desirable to set up 
hard and fast standards for sewage treatment in Canada. Conditions 
vary so much that every case can best be considered on its own merit, 
and a standard so fixed as will be sufficient. 

Definite standards for final effluents have been recognized elsewhere. 
The figure of the Ministry of Health of England of 30 p.p.m. suspended 
solids and 20 p.p.m. biochemical oxygen demand have been accepted in 
many places. River Boards in England such as the West Riding of 
Yorkshire Rivers Board have also adopted standards for quality, de- 
signed to meet specific needs over a limited area, and where conditions 
might be regarded as somewhat uniform. Standards for the degree of 
treatment before discharge into the Great Lakes also call for mention, 
and while no fixed standard for the effluent has been specified the degree 
of treatment to be provided has been incorporated in the standards and 
in the agreements between contiguous states. 

The many disposal plants now operating in Canada offer a com- 
parison between these effluents and the standards set elsewhere. It is 
observed that in some plants there is no difficulty in meeting the British 
Standards, and even in producing better results. In others the results 
obtained appear to be influenced very largely by concentration of the 
sewage reaching the plant, and by the working capacity of the plant. 
Some plants, appearing to be working effectively, fail to produc 
effluents of this standard. In many cases such a high standard is un- 
valled for. Frequent examination of the effluents to determine the 
quality is not always feasible for the small plants where no laboratory 
facilities are available. The operator must therefore rely on simpler 
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tests. Observation on the condition of the sludge, the clarity of the 
effluent, combined with the test for relative stability have proven of 
ereat assistance in these cases. 

The standards for effluents which have been set up are largely based 
on physical and chemical examinations. Extensive work on bacterio- 
logical tests has not been generally carried out, vet there are situations 
where this becomes a prominent feature. This is especially true where 
water supplies are involved. 

Sludge Disposal_—Ot all the problems associated with sewage treat- 
ment none has received more attention in recent years than sludge dis- 
posal. New methods are being studied continually and every effort 
made to reach the ideal solution. The choice of methods employed 
has been influenced by the size of the works, and by the time of their 
construction. No great difficulties were involved in the older plants, 
where the sludge was discharged in a fairly inoffensive condition and 
could be dried readily on open beds. It was not until the advent of the 
activated-sludge system and more recent methods that the sludge prob- 
lem became really acute. 

A survey of the activated-sludge plants of Ontario shows that out of 
a total of 31 there are: 


2—with sludge digestion and open drying beds 

11—with sludge digestion and glass covered drying beds 

2—with sludge dewatering equipment consisting of a vacuum filter 
14—with open sand drying of raw sludge 

2—with covered sand drying of raw sludge. 

‘To-day a number of alternatives are available for the engineer 
faced with the problem of sludge disposal. These include sand bed 
drying, digestion, vacuum filtration, and dewatering by centrifugal 
action. The latter two may or may not be followed by incineration. 
Mvents are moving rapidly in this field, but when a standardized method 
will be recognized is difficult to predict. The size of the plant will 
probably continue to dictate the choice of method. 

The Ontario plants have given some interesting results in sludge 
disposal, some of which are favorable and others quite the contrary. 
Digestion has been utilized in several plants, and while difficulties have 
been met it has been reasonably satisfactory. Smaller works have for 
the most part used this procedure. The condition of the overflow water 
must be carefully controlled. 

There is probably a greater variation in the results on sludge drying 
than on digestion. Some have obtained excellent results while others 
find much difficulty. In the former group the city of Kitchener plant is 
conspicuous. Rapid drying of the digested sludge has always been 
obtained here with ease. It is sometimes difficult to appreciate the 
reason for these variations in sludge drying. At the Brampton plant 
the presence of certain trade wastes seemed to have a most injurious 
effect on the rate of drying. When these were excluded the difficulty 
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vanished. It would seem that there is yet an opportunity for studying 
the causes for these differences. 

The drying of large quantities of raw sludge on open sand beds is 
not generally practiced. The cities of Stratford and Guelph have, 
however, met this problem particularly well, considering the circum 
stances. At these plants the sludge is applied in thin layers with the 
purpose of rapid drying, before odors can spread. While much labo 
is required, this practice has served very well as a temporary expedient. 

Only two plants for mechanical dewatering of sludge are in opera 
tion in this Province. The experience obtained at these and others has 
shown this to be a feasible method. The most recent equipment to b 
marketed for this purpose is the centrifuge. Some experience has 
been had in Kurope with somewhat similar devices. The chief ad 
vantage claimed is the dryness of the final sludge cake. No plants for 
the incineration of sludge on a large scale are operating in Ontario, bu 
much work of a developmental nature has been carried on elsewhere. 

















CHEMICAL TREATMENT OF SEWAGE AT TWO 
WESTERN PLANTS * 


By F. M. VeatcuH 


With Black and Veateh, Consulting Engineers, Wansas City, Missouri 


A review of operating results from sewage disposal plants which 
utilize chemical precipitation is of necessity a review of the literature 
on the subject, since the number of plant-size installations now in serv- 
ice is far too small to warrant general conclusions to be drawn. 

My personal reaction to the recent articles on chemical precipitation 
is fairly well outlined by Mr. Kipling; in the last stanza of his poem 
‘In the Neolithie Age,’’ he says, 


* Here’s my wisdom for your use 
As I learned it when the Moose 
And the Red Deer roared where 
Paris roars tonight 
There are nine and sixty ways 

of constructing tribal lays 
And every single one of them is 
right.” 


More or less intimate contact with two plant-size installations dur- 
ing the past year has convinced me that the efficiency and economy of 
chemical treatment are dependent on so many individual loeal con- 
siderations that general statements and conclusions are dangerous. 
Operating records which show excellent results at one plant may be 
quite accurate, but the duplication of these results at another plant, 
under another set of operating conditions, is not always possible. 

At the present time, a number of important obstacles stand in the 
way of a fair valuation of chemical precipitation as a sewage treatment 
method. Among these are: 


|. Lack of authentic operating data from plant size installations. 

?. Lack of easily applied and reliable tests for plant efficiency. 

3. Many of the existing installations use chemicals intermittently or at 
varying rates of dosage and representative operating costs are 
hard to determine. 


There are other obstacles, but it is patent that until complete operat- 
iv records for each of the numerous systems of chemical treatment 
are available for a period of at least a year in a number of installations, 

will be impossible to predict results in individual instances with any 


ereat degree of accuracy. 


* Presented Before the Public Health Engineering Section of the American Publie Health 
\ssociation, Sixty-fourth Annual Meeting, Milwaukee, Wis., Oct. 8, 1935. Released for pub- 
ation by the A. P. H. A. 
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The results of B.O.D. determinations on chemically treated effluents 
are quite erratic as has been noted by a number of investigators and 
facilities for making routine solids and nitrogen determinations are 
not available at many of the smaller installations now in operation. 

In view of the foregoing facts and since the status of chemical pre 
cipitation has been quite fully canvassed in the report of the Committe: 
on Sewage Disposal (Tus Journat, 7, 997, Nov., 1935), which report 
is being submitted at this meeting, it seems rather futile to attempt 
another general review at this time, therefore the remainder of this 
paper will be devoted to results obtained at two plants where the op 
portunity of personal observation was presented. These results covei 
short periods of time, and are subject to all of the objections noted 
above, but are presented with the thought that they will at least indicate 
some of the features of chemical precipitation which need further study. 


York, NEBRASKA 


The plant at York, Nebraska, is equipped for primary settling, 
chemical mixing or flocculation and final settling. Sludge from the 
secondary tank is returned to the raw sewage pump sump for re-treat 
ment and that from the primary tank is pumped to a digestion tank. 
The chemicals used are hydrated lime and ferric chloride and the latte: 
is made at the plant by the Scott-Darcey process from chlorine water 
and crushed tin cans. The plant has a nominal capacity of 0.7 m.g.d. 
but to date the normal sewage flow has been less than half this amount. 
Operation was started in October, 1934. The use of chemicals has been 
limited to the period between 7:30 A.M. and 5:00 P.M. and the dosage 
during the periods of use has averaged 120 pounds of ferric chloride 
and 180 pounds of lime per million gallons. The detention periods in 
the various tanks are as follows: 


Design Actual 
Basis Flow 
{0 nr; 1.3 hr. 


Primary tank ae 
Mixing tank .. : 40) min. 1.9 hr. 
Secondary tank 2.0 hr. a7 hr, 

The conditions in the receiving stream have caused no complaint 
since the plant has been in operation, in spite of the fact that the natural 
flow of the stream was practically nil until April, 1934. The effluent 
at the plant outlet is inoffensive, and practically free from settleable 
solids, but is quite cloudy for the greater part of the time. The relative 
stability averages about 30 per cent. 

Operating Results —During July, 1935, a series of tests, covering 
seven complete days, was run by Mr. R. C. Mertz, of the Chain-Belt 
Company. 

The results follow: 

















CHEMICAL TREATMENT OF SEWAGE 





OPERATING mueuire AT YORK, NEBRASKA 
Determinations Made on 2: 24-hour C eee d —— fS 


Sunday, | Mond: ay,|T uesday, | Wednes-| Thurs- | Friday, | Satur- | 
July July | July jday, July|day, July} July _ |day, July| Average 
| 14, 1935 | 8, 1935 | 23, 1935 | 10, 1935 | 11, 1935 26, 1935 | 20, 1935 


-2410 








a de ery | 1869 -2462) -2641) -2421) -2650 .2472 .2357 
Ph raw sewage... Dicee eee eens |e | piaeO || a aed 68 | - 75 | — 
Chlorine used, pounds. .. Sass ieee 38 | 29 | 35 | 46 24 31 34.3 
hlorine used, pounds pe 1M... 198 154 110 | 145 | 173 100 108 141.0 
Equivalent FeCls, pounds per | M.G....| 264 205 | 147 1193 * 230 133 155 188.0 
Lime used, pounds... . nae <7 [ae 50 | 50 | 25 25 50 25 39.3 
Lime used, pounds per M.G........../ 269 | 206 | 189 | 103 | 94.5 | 202 88 164.0 
Oe re ss —- | — }161 | 129 - 205 | 235 182.5 
B.O.D. plant effluent............. fo — | 56 | 53 | _ 75 | 59 60.5 
B.O.D. per cent reduction........ : — | — | 65.0 | 59 ~- 63.4 75.0 66.7 
ispe ended solids raw. ..| 312 364 | 338 | 192 | 236 308 262 287.4 
Suspended solids plant effluent. BS | 100 | 40 | 28 | 72 16 52 55.1 
Per cent reduction. ..... <a oes 84.6 | 72.4 | 88.2 85.4 | 69.4 85 81.0 81.7 
Ph plant effluent. : bees a am 7.6 7.0 | 7% | 7.4 a -' - 7.4 oe 
Dissolved oxygen raw sewage....... 39 | 26 | 47 | 34 | 34 4.0 2.5 3.5 
Dissolved oxygen plant effluent...... 6.1 4.7 5.8 6.0 4.9 6.0 | 5.8 5.6 
Oxygen consumed raw sewage.... . } } — | 43 53 — - 5 47.0 
Oxygen consumed plant effluent. . . —- |; — 28 {| — }; o— j;o— 30 29.0 
Oxygen consumed per cent reduction. —- | — | 35 ee ee 41 38.0 
Results from Experimental Filter 
Suspended solids plant effluent. . 48 | 100 10 28 72 16 | 52 | 55.1 
Ss ispended solids filter effuent..... 26 ie: 14 16 8 16 ; 8 i 132 
Reduction by filter, opine ; ; 7.2 | 25.2 Ye 4.1 27.1 9.7 | 17.0 | 14.4 
Overall reduction, per cent... . 91.6 97.8 96 91.6 96.6 94.8 97.0 | 95.2 
B.O.D. plant effuent...... o 56 53 — | 59 | 60.5 
B.O.D. filter effluent. ; - _- 61 53 - — | 7% 62.0 
Oxygen consumed ple int effluent _ - 28 _ — -- |} 30 29 
Oxygen consumed filter effluent. ; - - 26 | —- a | 29 | 27.5 
issolved oxygen filter effluent. . : 6.9 3.7 i} 49 4.6 5.7 6.7 4.6 5.3 


The results shown above, indicate something between primary and 
complete (biological) treatment. The cost for chemicals for this treat- 
ment was as follows, per million gallons: 


[eG UNEE RG LOVEE 5-252 havenilense(o-aiscaneuicatelaiawia sre sieves (@ $0.10 $14.10 
POS POMS CEAMIO: og pak sce ce nis ie ie Rie Sonera ere ees @ 0.006 .98 
POA ei airgap IG rat iene pees ies al a ls IAs Mpeg IE Bol ee $1! 5.08 


It will be noted that with chlorine at $0.03 per pound, as would be 
possible if ton containers were used, the foregoing total would be $5.21. 

Tests were run on an experimental filter formed of 6 inches of sand 
(effective size 0.45 mm.) supported on a 12-inch bed of graded gravel 
and dosed with plant effluent at a rate of 4 gallons per sq. ft. per minute. 
The results are given in the foregoing table. 

The removal of suspended solids was quite satisfactory but the col- 
loidal matter and color were not removed to the extent expected. It 
is also rather surprising that the removal of B.O.D. and oxygen con- 
sumed was apparently almost nil in spite of the removal of approxi- 
mately 42 p.p.m. of suspended solids. The increase in dissolved oxygen 
in the settling tanks was rather unexpected, but this was probably due 
to surface aeration in the floeeulator. During these tests, the effluent 
was pumped to the filter by a centrifugal pump, and it is probable that 
most of the floe was broken up in transit. The filter is now fed by 
eravity and further tests are to be run. 


BouLpDER, COLORADO 
The plant at Boulder consists of a plain settling tank, of the center 
feed and peripheral overflow type. Provision has been made for feed- 
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ing chlorinated copperas and lime into the influent channel about 150 
feet above the tank inlet to provide a short mixing period. 

The sewage is quite dilute and ranges from 250 gallons per eapita 
per day in winter, to peaks of nearly 400 gallons during the irrigatio: 
season. The tank affords a detention period of two hours at flows o! 
9.6 m.g.d. Chemicals have been used intermittently since the plant wa 
put into operation in October, 1934. No chemicals have been used sinc 
June, 1935, except for a short test period in September, and chemicals 
have never been used during the night hours. 

The operating costs for the first nine months of operation were as 
follows: 

OPERATING Cost—BouLpER DisposaL Works 


Chemi- Mainte- _ Per 
1934-35 Labo1 as Powe Supplies | Total Million 
Cais hance ‘ 

Gallons 

Oct... $ 45.60 $ 8.00 $ 53.60 $ 70.00 
Nov. 312.80 | $ 95.44 95.18 503.42 60.00 
Dec. 309.40 169.36 | $ 28.56 191.07 698.39 62.00 
Jan.. 129.20 131.19 29.05 80.54 | $24.02 694.00 62.00 
Feb. 121.50 38.90 31.78 17.60 16.98 226.76 56.00 
Mar.... 62.50 24.60 28.28 1.05 9.62 126.05 62.00 
Apr. 60.00 89.94 24.52 174.46 60.00 
May.. 89.50 109.19 30.16 80 1.50 230.15 85.00 
June... Ps 63.50 11.10 30.90 3.04 28.85 167.39 112.00 
Total* $493.00 | $699.72 | $203.251 | $397.28 | $80.97 $2,874.22 $629.00 


* Includes $872.90 for attendance required for temporary coal fired boiler previous to start 
of gas production. 


Tt Includes $192.52 for coal and temporary boiler installation. 

As noted above, a total of $1,065.42 is not chargeable to plant 
operation directly since the auxiliary boiler was not used after gas 
production started; the approximate total cost of plant operation was 


as follows: 


Fixed charges—714% of $53,000 for 9 months et erets Bio reare $2,982.00 
Operating cost less auxiliary boiler expens 1,788.80 
$4,770.80 


Total cost 


The total cost per million gallons of sewage treated was $7.58, of 
which $4.74 was fixed charges and $2.84 operation. The total cost per 
capita annually (prorated from the nine months record) was approxi 
mately $0.53. 

Operating Results——Routine records of plant efficiency have not 
been kept but a study covering six days was made in September, 1935, 
with results as follows: 

For the first three days of this test, 140 pounds of chlorinated cop 
peras and 75 pounds of hydrated lime were used, per million gallons, 
during the period from 8 A.M. to 6 P.M. 

These tests indicate little advantage from the use of chemicals but 
are clouded somewhat by the fact that the sewage flow, which averaged 
about 4 m.g.d., showed a variation of less than 20 per cent between 

















CHEMICAL TREATMENT OF SEWAGE 


SUSPENDED SOLIDS 
Parts PER MILLION 
With Chemicals 





Day Raw Sewage Plant Effluent Per Cent Reduction 

Ist 64 29 54.7 
2nd 39 be 56.4 
3rd 70 32 04.3 
otal 173 78 

Av 57.7 26.0 54.9 

Without Chemicals 

it} 32 13 59.4 
th 83 18 42.2 
6th 59 27 54.0 
Total 174 88 

Ave dS 29.3 49.5 


maximum and minimum rates, and the night flow was extremely dilute. 

The suspended solids from the samples of chemically treated sewage 
contained about 5 per cent more volatile matter than those from the 
settled sewage, and this fact coupled with the fact that samples of creek 
water taken about one-half mile below the plant outlet have consistently 
shown relative stabilities of 80 per cent or more at times when the 
cflluent was diluted by less than twice its volume of creek water, indi- 
eates that the full value of chemical treatment is not reflected in the 
foregoing results. However, it is obvious that the use of chemicals 
at this particular plant is justified only in eritical periods. 

The operation of these plants has raised a number of questions 
which are worthy of mention. 

In the first place, the effect of the effluent on the receiving streams 
has been in both cases far better than the results of the tests would 
indicate, and this raises the question as to whether or not the chemical 
treatment has done something toward the reduction of the rate at 
which the oxygen demand of the effluent is exerted. The relatively 
high stabilities in the receiving streams would indicate that it has this 
effect, but supporting data is badly needed. 

Visual examination of the chemically treated effluents invariably 
show the presence of floeculent material, and the advisability of filtra- 
tion for such effluents is naturally suggested. The amount of experi- 
mental work on the rapid mechanical filtration, is entirely inadequate 
to form a basis for general conclusions, but it does show favorable 
indications of further development along this line. 

[It would seem that chemical treatment, in general, should be viewed 
in the light of a very promising method of disposal which is very 
definitely in the development stage. 











Industrial Wastes 





THE TREATMENT OF INDUSTRIAL WASTES IN CON- 
NECTION WITH DOMESTIC SEWAGE * 


By L. F. Warrick ann E. J. Beatty 


State Sanitary Engineer and Ass’t Sanitary Engineer, Wisconsin State Board of Health 


Industrial wastes present numerous problems in connection with 
municipal sewage treatment and abatement of waterways pollution. 
There are many considerations involved in obtaining the most satis 
factory and economical solutions for these industrial waste problems. 
Such considerations include the administrative or legal, financial and 
technical aspects of each situation, none of which can be safely over 
looked. Accordingly it is the purpose of this paper to discuss briefly 
some of these major considerations, and to deseribe certain develop 
ments in Wisconsin in connection with the treatment of several kinds 
of industrial wastes along with domestic sewage. 

The policy originally followed by most manufacturers was to dump 
liquid wastes into the nearest watercourse as the most convenient 
method of disposal. Where municipal sewers were available and of 
sufficient capacity, trade wastes were often discharged into them un 
treated, with little or no protest. The public had not become aware 
of the harmful effects of unrestricted pollution of the natural water- 
courses. 

The general outlook has changed. With the growing appreciation 
of the value of clean streams and the maintenance of proper sanitary 
conditions, there is an increasing insistence that sewage and wastes 
from industry be disposed of safely and inoffensively. Initial efforts 
to secure proper solutions for industrial waste problems generally met 
with considerable opposition. Much of the trouble encountered in ae 
complishing desired results, it is believed, has been due to a lack of a 
clear understanding on the part of the public and industrial plant 
officials as to just where responsibilities begin and end in these sewage 
and waste treatment situations. Nearly every industrial community 
has this common problem. There is always the question that must be 
faced of whether (1) Industry should independently take care of its 
problem or (2) A municipality should undertake as a community re- 
sponsibility to treat or modify industrial wastes produced within the 
corporate limits so that they may be satisfactorily disposed of along 
with the domestic sewage, or (3) Industry and the municipality 
should jointly develop a sewage and waste disposal program. 

According to information obtained from various state sanitary 
engineers there is no uniformity of policy with respect to admissibility 

* Presented at the Eighth Annual Meeting of the Central States Sewage Works ‘Associa 


tion, October 25, 1935, Urbana, Llinois. 
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of various trade wastes to public sewerage systems. Where any legal 
requirements have been established, they have usually been in the 
form of authorization permitting some designated agency to specify 
conditions under which use can be made of a sewerage system. In 
veneral there seems to be a tendeney to extend the use of public sew- 
erage facilities to manufacturers producing liquid wastes of a pollu- 
tional nature provided these wastes do not detrimentally affect 
sewerage structures or materially interfere with their operation. 
Probably because of a lack of information regarding limiting amounts 
and strength of wastes of certain types that may be satisfactorily 
taken care of in conjunction with ordinary domestic sewage through 
various kinds of modern municipal sewerage systems, there has never 
been established any generally accepted classification of industrial 
wastes from the point of view of amenability to treatment and disposal 
through public sewerage systems. 

It is probable, however, that this situation will be changed with the 
present trend towards placing sewerage systems on a utility basis and 
establishing sewerage service charges dependent on the volume or 
character, or both, of sewage handled. This plan contemplates that 
those who benefit by sewerage service should pay a price commensurate 
with the service received, based on the fair average cost of rendering 
that class of service. 

Some are of the opinion that trade wastes should be excluded from 
public sewerage systems in all cases where they vary appreciably from 
the character of domestic sewage or are very large in volume. In 
these eases it is the intention that the manufacturer be called upon to 
independently take care of his trade waste disposal problem. This 
may prove very difficult or practically impossible in some situations, 
and would sometimes entail an unwarranted financial burden. Also 
as a taxpayer in the community, industry is entitled to sewerage facili- 
ties. Such facilities have frequently been offered as an inducement to 
industry to locate in a municipality; the success of the former often 
constituting an important factor in the economic welfare of the latter. 
Qn the other hand a municipality cannot be expected to take care of 
wastes that rapidly deteriorate or render partially or completely inef- 
fective sewerage works representing a large public investment. Ac- 
cordingly to best arrive at an answer to the question of admissibility 
of trade wastes to public sewerage systems there should be a cooperative 
study of problems involved by officials of both the municipality and 
industry. 

Sotvinec InpustrrraL Waste PRropiems 


In making such a study the first step is usually to ascertain whether 
wastes may be advantageously utilized either in the manufacturing 
process or as valuable by-products. Possibly the wastes may be suf- 
ficiently reduced in volume or strength by minor changes in operating 
methods so as to render them unobjectionable when mixed with the 
domestie sewage. It may be found, however, that facilities need to be 
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installed at industrial establishments for equalizing flows or for pro 
viding preliminary treatment before the wastes can be satisfactorily 
handled with the municipal sewage. The services of consulting engi 
neers, chemists and others experienced in dealing with sewage and 
trade wastes problems will generally prove very helpful in arriving 
with minimum delay at the most effective and economical procedure to 
be followed in any given situation. 

Reclaiming of wastes, particularly if accomplished with a sub 
stantial profit over operating expenses, unquestionably is the most 
attractive procedure from industry’s point of view. While this pro 
cedure is only feasible at present with relatively few kinds of wastes, 
experience of the pulp and paper industry has definitely shown that 
considerable savings accrue to the installation of saveall or whitewater 
recirculation systems in many eases. Results of mill surveys indicate 
the practicability of keeping fiber losses under 1 per cent and volumes 
of waste below 20,000 gallons per ton of product.’ Progress has bee 
made in recovering proteins from meat-packing plant wastes, cattle 
food from malt house wastes and distillery slop, casein plastic base 
from milk waste, and other valuable by-products from pollutional! 


wastes discharged by a number of industries. Improved evaporating 


and drying equipment for producing powdered whey should tend to 
eliminate on a profitable basis the difficulties experienced in treating 
this strong milk plant waste at sewage disposal plants. By carrying 
waste utilization to its economic limits, the need for further treatment 
of effluents from some industries before discharge into public sewerage 
systems or watercourses may be eliminated or greatly minimized. Thi 
general policy in solving such problems, therefore, should be (1) re 
processing and salvaging of the wastes to the greatest possible degree, 
and (2) if difficulties are still encountered, installation of any effective 
and practical method available or capable of being developed to pro- 
vide satisfactory preliminary treatment for the wastes. 


Meruops or TREATMENT 


In those cases where recovery processes are not practical, a variety 


of methods of industrial waste treatment have been devised. Some of 


these methods are provided to serve as complete treatment for the 
wastes while others are intended only to modify the wastes in such 
manner as to permit effective treatment along with domestic sewage. 
Many industrial wastes contain substances which frequently interrupt 
or prevent bacterial action, materially interfering with the bio-chemical 
waste disposal processes usually afforded by municipal sewage treat- 
ment works. In addition, the flow and composition of many industrial 
wastes vary widely, thereby offering a major problem both in the design 
of sewage treatment works and in their subsequent operation. 
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Tannery WastTEs 
A problem was encountered in a Wisconsin municipality where 
tannery wastes are now being treated in clarifiers at the city disposal 
plant. (Figure 1.) The minimum hourly flow of tannery wastes was 





Fig. 1.—Municipal sewage treatment works equipped with clarifier units for tannery 
astes, Which are conveyed to the plant by separate pipe line. The tannery sludge is dis- 
harged into lagoons at present, as shown in the foreground, but tests are being conducted to 

determine the feasibility of digestion of the tannery solids with the sewage sludge. It is con- 
templated that the sludge will eventually be dewatered on rotary filters prior to incineration 
final disposal on nearby farms. 


determined to be about one-third of the maximum hourly flow. The 
total daily quantity of waste was approximately the same as that for 
the citv sewage at the time studies were conducted; but the discharge 
from the tannery occurred within a 12-hour period as compared with 
the sewage discharge over 24 hours. The physical and chemical char- 
acteristics of the wastes fluctuated appreciably. Accordingly, it has . 
been necessary to provide suitable capacities in the tannery waste 
sump, pumping facilities and clarifiers to equalize flows and to secure 
fairly uniform removal of solids. 

Until recently the new tannery waste treatment system has been 
operated separately from the municipal sewage disposal system, the 
clarified effluents not mixing until they enter the outfall sewer. Tan- 
uery solids have been disposed of entirely in lagoons, as shown in 
igure 1, and sewage solids alone have been digested at the municipal 
plant. 

Studies previously conducted by Elder * having indicated that up to 
1) per eent by weight of the tannery sludge in a mixture with domestic 
sewage sludge could be digested, provision has been made for pumping 
the tannery solids into the two existing digesters. Except for some 
foaming during the first two weeks of the month that has elapsed since 
the experiment was started, no significant change has yet oceurred in 
ivestion conditions. 

It is not anticipated that any serious difficulty will be encountered 
as long as the tannery sludge remains substantially below the indi- 


{ 


* A. L. Elder, formerly Assistant Sanitary Engineer, Wisconsin State Board of Health. 
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cated 40 per cent tannery-sewage sludge limit. Since 1932 another 
plant, shown in Figure 2, equipped with separate sludge-digestion fa 


cilities has been satisfactorily taking care of relatively small amounts 
of tannery solids in combination with the sewage sludge. The tannery 





Fic. 2.—Pre-treated tannery and cannery wastes are conveyed to this plant by separati 
pipe lines, being mixed with the sewage ahead of the primary clarifier and in the dosing tank 


of the trickling filter, respectively. Large solids are removed by a rotary screen unit at the 
tannery and the cannery wastes are pre-treated by fine screening and chemical precipitation. 


wastes are given preliminary treatment through a 20-mesh rotary 
sereen unit to remove hair and fleshings prior to junction with the 
sewage at the inlet of the primary clarifier at the municipal plant. 

With the renewed interest in chemical precipitation for municipal 
sewage treatment, and with successful sludge disposal by filtration and 
incineration, it is possible that a number of the larger industrial cities 
will be in a better position to cope with sewages containing fluctuating 
amounts of trade wastes known to be inimical to biochemical treatment 
processes. Chemical precipitation methods should also prove par- 
ticularly helpful in taking care of problems created by seasonal in 
dustries. 

CanNERY WASTES 

Canning is a typical seasonal industry. The major problem in Wis- 
consin is occasioned by pea-canning wastes, the period covered by the 
pack being only about six weeks. As a result of experimental work 
started in 1926 at Poynette,? 40 plants such as shown in Figure 3, 
employing chemical precipitation for cannery wastes, have been in- 
stalled in Wisconsin. Ferrous sulphate and lime are used as precipi- 
tants, pea-canning wastes requiring 344 pounds and 714 pounds, re- 
spectively, per 1,000 gallons. Alum and lime are used in the treatment 
of kraut-canning wastes. 

Where essential, additional treatment for the effluents from these 
plants has been provided through municipal sewerage systems. Spe- 
cial studies ** have shown that trickling filters will provide a high 
degree of treatment for the canning wastes, provided the filters are 
not overloaded. ‘The results of these studies appear to be borne out by 
certain data recently obtained, as follows: 
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During the past year two new municipal sewage treatment plants 
designed to handle large volumes of canning plant wastes have been 
placed in operation. Plant No. 1 in a city with a population of ap- 


> 


Fig. 3.—Chemical treatment plant for cannery wastes. After passage through a 40 mesh 
rotary screen, the wastes are treated with lime and ferrous sulphate, using a fill and draw 


rocess, 


proximately 2,000, consists of separate-sludge digestion, trickling filter, 
secondary sedimentation, followed by sand filters. The cannery in this 
city has a continuous-flow chemical precipitation plant for preliminary 
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Fic. 4.—Municipal sewage treatment plant including an aeration tank for screened can- 
nery wastes, shown above. After fine screening at the cannery, the wastes are aerated (two 
hours detention period) prior to final treatment with the settled domestic sewage on a trickling 


filter. 
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treatment, following which the waste is pumped into the municipal! 
sewerage system for further treatment. Plant No. 2 is located in a 
village with a population of approximately 1,300, and consists of 
separate sludge digestion, followed by a trickling filter and secondary 
sedimentation. The only preliminary treatment at the factory give: 
the canning wastes is screening, following which the waste is discharged 
into a separate sewer leading to the municipal treatment plant. A! 
the treatment plant the waste is aerated for a period of about two hours 
(see Figure 4), following which it is mixed with the settled domestic 
sewage and pumped to the filter. 

In both cases the quantity of canning waste is in excess of the 
domestic sewage load during the pea-canning season, and about equa! 
during the other packs. Results of analyses obtained with plant No. 1 
are listed in Table I, and for plant No. 2 in Table IT. 


TasLeE I.—Treatment Results—Municipal Sewage Before and After Combination with Canne 
Wastes After Chemical Precipitation at Factory. Results of Analyses in Parts Per Million 


Reduction 





~ z of & 

S. a] = 

SF 

Domestic Only 
Susp. Solids 50.0 40.0 | 20.0 34.0] 32.0 20.0 16.0} 68.0) 53.0 6.0 62.5 88.0 
5 Day B.O.D. 67.6 61.9} 8.4 17.9) 73.5 71.2 15.4) 77.0) 13.9 5.1 66.9 92.4 
Lbs. 5 Day B.O.D..| 139.1 127.4 8.4 36.8) 73.5 71.2 31.7| 77.0} 13.9 10.5 66.9 92.4 
Total Organic N. 4.0 3.0 | 25.0 2.0) 50.0 33.3 1.0) 75.0 50.0 1.0 0.0 | 75.0 
Free Ammonia. 1.5 1.3 | 13.3 0.5) 67.0 61.5 0.5) 66.7 0.0 0.4 20.0 73.2 
Domestic and Pea-canning Wastes 
Susp. Solids 168.0 160.0 1.8 288.0) 71.4 80 + 92.0} 45.0) 68.0 32.0 65.2 81.0 
5 Day B.O.D 536.0*| 727.0*| 35.5+ | 346.0) 35.4 52.4 310.0} 42.1 10.4 121.0 61.0 77.2 
Lbs. 5 Day B.O.D..| 1050.0 | 1425.0 | 35.5+ | 678.0) 35.4 52.4 608.0} 42.1 10.4 237.0 61.0 77.2 
Total Organic N. 33.0 27.5 | 16.6 21.0) 36.3 23.6 14.5} 56.0! 31.0 6.0 58.6 81.9 
Free Ammonia. 22.0 32.0 | 45.44 21.9} 0.4 28.4 17.4| 20.9 20.5 7.0 59.7 59.5 
Domestic and Beet-canning Waste 

Susp. Solids... 320.0 | 204.0 | 36.0 176.0) 45.0 13.7 76.0] 76.0) 57.0 16.0 | 79.0 95.0 
5 Day B.O.D. 1087.0 | 998.0} 8.2 274.0) 75.0 72.5 163.0} 85.0) 40.5 | 40.3 | 75.0 96.2 
Lbs. 5 Day B.O.D..| 1007.0 | 924.4 | 8.2 253.8) 75.0 72.5 | 151.0)85.0) 40.5 | 37.3 | 75.0 | 96.2 
Total Organic N. . 32.0 29.0} 9.0 21.0) 34.4 27.6 | 14.0)/56.0) 33.3 | 5.0 | 64.2 | 84.4 
Free Ammonia. 17.1 | 21.5 | 26.04 14.4] 15.8 33.0 13.7} 14.0 49 | 5.3 | 61.3 69.0 


* Note: Power off for 3 hours during collection period. Primary treatment only during time. 

Samples not collected. 
Discussion oF Resutts at Piant No. 1 

Prior to the canning season this plant was found to be producing 
an over-all efficiency of 92.4 per cent based on reduction of 5-day B.O.D., 
and §8 per cent based on removal of suspended solids. At the time of 
this test the plant had been operating only a short time, and probably 
had not reached its maximum efficiency. A test during the pea-canning 
season indicated 77.2 per cent reduction based on 5-day B.O.D., and 
81 per cent reduction of suspended solids. During the beet-canning 
season the plant accomplished a reduction of 96.2 per cent based on 
B.O.D., and 95 per cent based on suspended solids. 
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TaBLe II.—Treatment Results—Domestic Sewage Before and After Combination at the Municipal 


Test 


Susp. Solids 


5 Day B.O.D. 


Susp. Solids 
» Day B.O.D. 
Lbs. 5 Day B.O.D 


Susp. Solids 

5 Day B.O.D 
Lbs. 5 Day B.O.D 
Total Organie N 
Free Ammonia 


Susp. Solids 


Day B.O.D 


lotal Organie N 
Free Ammonia 


Susp. Solids 


Day B.O.D 


Susp. Solids 


» Day B.O.D. 


Free Ammonia 








Lbs. 5 Day B.O.D.. 


Lbs. 5 Day B.O.D. 


Lbs. 5 Day B.O.D. 


Lbs. 5 Day B.O.D..|} 
lotal Organic N. . 





208.0 
286.0 
190.8 


156.0 
350.0 
212.5 


8.5 


97 
ai. 


380.0 
977.0 


1285.0 


248.0 
305.0 


188.5 
21.8 
21.4 


Discussion or ReEsuuts 


108.0) 2 
1128.0} : 
148.7] 2 


76.0 
236.0 
157.4 


84.0 
333.0 


202.1 


200.0 
757.0 
701.7 


29.51 ¢ 


36.6 


180.0) 5 
688.0) : 


905.4 


180.0) 27. 
185.0} 39.¢ 
114.3) 39.¢ 


91-7 
ol.o 


1 
21.7 


cated no appreciable reduction in 
llowever, the dissolved oxygen content of the aerated wastes was suf- 
ficient to maintain a considerable D.O. content in the mixed waste and 


sewage as applied to the filter. During the past season no difficulty 








| 


1 1513.0 | 1505.0 ( 
2827.8 | 2812.8 | | 


Computed 
Mixture 


Domestic Only 


Domestic Only 


Domestic and Tomato Waste 


244.0 200.0 18.0 138.0 
379.0 356.0 6.1 344.0 
199.0 186.0 6.1 388.1 
10.5 8.5 19.0 6.9 
5.0 5.0 | by 19.2 


ic and Pea Waste Both Through / 


112.0 148.0 
$95.0 523.0 
773.2 816.9 
15.5 20.5 
13.3 13.0 





Domestic and Pea Waste 


192.0 148.0 | 22.9 161.2 
5 1167.4 


3° 3718.2 


Domestic and Tomato Waste 


288.0 | 264.0 8.3 220.5 
252.0 | 185.0 26.6 184.1 
145.4 | 106.7 | 26.6 | 221.0 
13.0 | 12.6 3.1 17.2 
1.88 | 1.73 8.0 12.1 





of Analyse 


—T: 
Nee 
oon 


11.14 
68.0 
68.0 


29.0 
80.5 


| 80.5 


62.3 
SO.S 
SO.S 
42.0 
86.4 


92.04 


65.5 
65.5 
26.8 


20.5 + 


61.8 
88.0 
88.0 


| 90.6 


96.0 


at Puant No. 


»s in Parts Per Million 

















88.1 | 82.0 
43.8 | 82.0 
413.8 82.0 
70.5 | 79.0 
15.2 | 83.2 
15.2 | 83.2 
8.4 | 76.8 
3.6 | 83.4 
3.6 | 834 
2.5 19.3 
1.5 88.0 
735 59.4 
67.8 | 89.0 
67.8 89.0 
60.0 70.7 
26.6 10.7 
69.6 75.0 
37.8-+ | rds 
137.8+]| 75.7 
| 42.8 78.0 
| 0.0 88.0 
0.0 | 88.0 
}12.5 | 91.8 
25.3+] 94.3 


* Note: Cannery wastes had been passed through a screen at factory and conveyed to the 
aeration unit at the municipal plant through an industrial sewer. 


It is interesting to note that with a loading of one pound of B.O.D., 
to 20 eubie feet of rock, the per cent reduction by the filter and secondary 
tank amounted to 57 per cent, and with one pound to 40 cubic feet, 85 
per cent; while the sand filter reduced the B.O.D. of the secondary tank 
effuent 61 per cent and 75 per cent, respectively. 


Several tests made at Plant No. 2 during the canning season indi- 
3.0.D. as the result of aeration. 
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was encountered with pooling on this filter, although the mixed waste 
was being applied at a rate in excess of five million gallons per acre 
per day during the canning season. 

With a loading of one pound of B.O.D. per 11 cubic feet of rock the 
reduction by the filter and secondary tank was 75.7 per cent. With a 
loading of one pound of B.O.D. to 49 eubie feet of rock, the reduction 
was 88 per cent. The above results indicate that there may be a dis 
tinct advantage in aeration of the canning plant waste prior to treat 
ment on a rock filter. This statement is based on a very limited number 
of chemical tests. It is hoped to secure additional analyses during the 
next canning season, following which more definite conclusions may be 
warranted. 

Special studies have also been conducted to determine the feasibility 
of using the activated-sludge treatment process in modifying or re 
moving pollutional substances from pea- and corn-canning wastes after 
preliminary screening and mixing with domestic sewage. While the 
pea-canning operations extended over a relatively short period during 
the 1934 pack, sufficient data were obtained to indicate that an excessive 
load was being placed on the sewage treatment works (see Figure 5), 





Fic. 5.—Activated sludge plant where experiments have been conducted in the treatment of a 
sewage containing cannery and packing plant wastes. 


and that additional aeration or pre-treatment facilities for the canner) 
wastes would be essential for satisfactory results. Data obtained 
during the corn-canning season further substantiated initial results. 
When the loading of the sewage works was such as to increase the 
sludge index (Mohlman index) * above 200 the oxygen content of the 
effluent decreased, and bulking and other operating difficulties were 
encountered, Studies of the batch digestion of mixtures of cannery 
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waste solids and equal portions of raw and activated sludge in carboys, 
suitably equipped for measurement of gas and sampling of sludge, 
indicated that up to 20 per cent by weight of pea cannery solids, there 
was very little change in the digestion characteristics; but with an 
increase in cannery solids above 20 per cent, there was an increase in 
acidity during the early period of digestion and in the per cent of 
carbon dioxide in the gas produced. 


Mink Puant Wastes 


Milk plant wastes, particularly cheese factory wastes, frequently 
offer difficulties in the operation of municipal sewage treatment works. 
Acid-producing constituents have interfered with sludge digestion and 
have seriously reduced treatment efficiencies. Studies conducted in 
Wisconsin ® and elsewhere having shown that trickling filters are ef- 
fective in removing such constituents before milk wastes are discharged 
into sewerage systems, installations similar to that shown in Figure 6 





Fic. 6.—Trickling filter system for the treatment of milk plant wastes. 


are being made to overcome some of the existing difficulties. Whey 
from cheese factories, being a very strong waste, it utilized where pos- 
sible for hog and poultry feeding purposes on the farms of factory 
patrons, but further effort needs to be directed toward taking care of 
the situations in the larger communities where the whey problem has 
ten been ‘‘solved’’ by dumping the waste into the municipal sewerage 
system. 
CONCLUSION 


Sufficient information has been presented to show the general pro- 
cedure being carried out in Wisconsin in reaching solutions for in- 


oO 
fo) 
dustrial waste problems. It is believed that there is an increasing 
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appreciation of the fact that the effect of industrial wastes on the 


treatment of municipal sewage must be given careful study by munici 


pal officials, by industrial organizations and by sanitary and municipal 


engineers, both designers and operators, if progress is to be made 
A clearer understanding of problems involved can be gained by a 
interchange of information and experiences. General knowledge o 
the difficulties that have been encountered and of the methods that hav: 


been adopted to solve these problems should result in future economies 
in municipal sewage treatment, in a better understanding of industrial 
waste treatment responsibilities, in a more wholesome relationship 


between municipalities and industries, and in the recognition by sani 


tary engineers of the necessity of making thorough studies, in each 
community, of the character of industrial wastes and the probable 
effect of these wastes on sewage treatment. It is essential that careful 


and unbiased consideration be given to each loeal problem. 
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Editorial 


GARB AND SUE—A BEDTIME STORY 


Once upon a time there were two children, Garb, a boy, and Sue, a 
virl. Garb and Sue lived in adjoining back yards, for they were too 
dirty to live with their mother, Mrs. Age. Garb and Sue were so filthy, 
smelly and foul that their stepfather, Mr. Civitas, would not keep them 
in a respectable home, but banished them to the back yard, where they 
lived in dilapidated, grimy hovels. Their yards were separated by a 
fence; on one side lived Garb, on the other, Sue. 

In Sue’s yard there was a pool of water. Mr. Civitas was very 
proud of this pool, and occasionally drew water from it to drink, but Sue 
used it to wash her dirty face and clothes, and therefore the water 
wasn’t very good for drinking purposes. 

Garb never washed. He groveled in dirt and usually burned his 
dirty clothes, dry-cleaned his face, and sent his left-over food to a hog 
farm. Garb was just a nuisance—he didn’t want to clean up, because 
it was such an effort. 

Now the ehildren had a well-meaning uncle, whose name was Mr. 
Santy KNng. He began to be interested in the children and started to 
reform Sue. He taught her to wash her face; he adjusted her diet so 
her digestion and health improved; he cleaned her clothes with chemi- 
cals, aerated them and disinfected them. Soon he noted such an im- 
provement in Sue that he tore down her shack and built an attractive, 
scientifically-designed house for her home. Her face and clothes were 
now so clean that the pool became a credit to the back yard and could 
be used more and more for play, for fish, or even for drinking purposes. 
Sue’s only duty was to keep the pool clean. 

Meanwhile Garb grew up into more of a problem. His piles of dirty 
clothes increased, his face became more greasy, and his odor spread. 
Unele Santy decided he must do something about Garb. Instead, how- 
ever, of keeping Garb in his own back yard, Uncle Santy broke an open- 
ing in the fence and let Garb in with Sue. This was too bad for Sue, 
who had tried hard to improve her yard and to keep her pool clean, but 
now Unele Santy was putting Garb into her yard. Unele Santy also 
supplied Garb with a grinder, with which he could grind up his dirty 
clothes and left-over food, and dump the dirt into Sue’s pool. Unele 
Santy thought this would be a great help for Garb, and, since two are 
said to be able to live as cheaply as one, why keep the children apart? 
Sue eried because Garb had been thrust upon her, but Uncle Santy as- 
sured Mr. Civitas that Garb’s new grinder would practically eliminate 
the dirt from his back yard, and anyway, a little more dirt in Sue’s pool 
would never be noticed. 
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Meanwhile Sue tried hard to keep the pool clean, but Garb dumped 
so much of his dirt in it that Sue felt rather discouraged. She gradually 
became a little soiled and sour-tempered by her close contact with Garb 
so her mother no longer could feel proud of her daughter’s appearan 
and surroundings. 

Although Garb now unloaded much of his dirt in Sue’s yard, his 
own yard failed to show much improvement, for it was still littered with 
‘ans, bones, ashes and rubbish that wouldn’t go through his grinder. 
Uncle Santy had good intentions to pave Garb’s yard, so that it could 
be cleaned more easily, but the paving material was in use elsewhere, 
so this plan failed. However, Garb got rid of most of his dirt in Sue’s 
yard, so many observers were led to believe that at last Garb had been 
reformed and regenerated. The trouble he had brought to Sue was 
overlooked, because her health and appearance had undergone such an 
improvement, due to the care lavished on her, that she was considered 
able to carry the additional burden without complaint. What if she 
did become sick a little more often? What if her pool was dirtier and 
the fish died? Didn’t she have some new toys, and didn’t her uncle 
tell her that she should feel proud to have helped in Garb’s regen- 
eration? 

However, Mrs. Age didn’t like the way in which the pool was soiled, 
and Mr. Civitas discovered that, counting the cost of cleaning Garb’s 
yard, and with more doctor’s bills for Sue, he was paying as much as 
before for the upkeep of the children; furthermore, the slight improve- 
ment in Garb’s appearance was obtained only at the expense of Sue’s 
happiness. 

Uncle Santy was therefore advised to make a further study of 
Garb’s problem, in some other way than unloading the dirt in Sue’s 
vard. Uncle said he would put Garb back in his own yard, and that he 
would help him, by advice and research, to emulate Sue’s scientific de 
velopment. This decision put new life into Sue and soon her pool was 
clear and sparkling, there were no rotten tomatoes in her yard, and her 
doctor’s bills showed a great decrease. She looked at Garb’s plight 
sympathetically, however, and promised to help him solve his problem 
of how to grow up to be a credit to his parents. 

Moral: Look before you leap from the frying pan into the fire. 


KF. W. M. 




















Proceedings of Local Associations 


OFFICERS OF LOCAL ASSOCIATIONS 
MEMBERS OF FEDERATION 


Arizona Sewage Works Association 


President: Walter Johannessen, Williams. 

Vice-President: John A. Carollo, Phoenix. 

Secretary-Treasurer: Jane H. Rider, Phoenix. 

Representatives, Board of Control: M. R. Tillotson, Grand Canyon ; 
Dario Travaini, Phoenix. 


California Sewage Works Association 


President: A. M. Rawn, Los Angeles. 

First Vice-President: K. A. Reinke, Berkeley. 

Second Vice-President: R. F. Goudey, Los Angeles. 

Secretary-Treasurer: F. D. Bowlus, Los Angeles. 

Board of Directors: Leon B. Reynolds, Stanford University; W. A. 
Allen, Pasadena; A. G. Darwin, Washington; J. F. Smith, San Fran- 
cisco; J. F. Byxbee, Palo Alto. 

Representatives, Board of Control: R. F. Goudey, Los Angeles; 
H. I’. Gray, Berkeley. 


Central States Sewage Works Association 


President: O. M. Leonard, Indianapolis, Ind. 

First Vice-President: H. K. Babbitt, Urbana, Il. 

Second Vice-President: F. M. Dawson, Madison, Wis. 

Third Vice-President: George J. Schroepfer, St. Paul, Minn. 

Secretary-Treasurer: Gus H. Radebaugh, Urbana, Il. 

Representatives, Board of Control: W. W. DeBerard, Chicago, IL. ; 
James L. Ferebee, Milwaukee, Wis. 


Federal Sewage Research Association 


President: C. T. Butterfield, Cincinnati, Ohio. 

Vice-President: W. D. Collins, Washington, D. C. 

Secretary-Treasurer: EK. C. Sullivan, Cincinnati, Ohio. 

Executive Committee: C. T. Butterfield, Cincinnati, Ohio; W. D. 
Collins, Washington, D. C.; E. ©. Sullivan, Cincinnati, Ohio; V. B. 
Lamoureux, Washington, D. C.; W. G. Stromquist, Knoxville, Tenn. 

Representatives, Board of Control: J. B. Gordon, Washington, D. 
C.; A. P. Miller, New York City. 
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Georgia Water Works and Sewage Operators’ Association 


President: Paul Weir, Atlanta. \ 
First Vice-President: Odell Gray, Thomasboro. 
Second Vice-President: Carl Alexander, Rome. 
Secretary-Treasurer: Lewis Simonton, Griffin. 


Iowa Wastes Disposal Association 


President: A. H. Wieters, Des Moines. 

Vice-President: W. EK. Galligan, Ames. 

Secretary-Treasurer: Lindon J. Murphy, Ames. 

Directors: Stanley L. Baker, Newton; W. W. Walker, Cedar Rapids. 

Representatives, Board of Control: Max Levine, Ames; Earle |. 
Waterman, lowa City. 


Kansas Water and Sewage Works Association 


Preside nt: i. W. Hoover, Coffeyville. 

Vice-President: H. H. Huffman, Topeka. 

Vice-President: D. H. Rupp, Topeka. 

Vice-President: C. A. Sanderson, Lyndon. 

Vice-President: Frank HK. Willey, Lawrence. 

Secretary-Treasurer: Karnest Bovee, Lawrence. 

Representatives, Board of Control: Karnest Boyee, Lawrence; 
W. Hoover, Coffeyville. 


Maryland-Delaware Water and Sewerage Association 


President: L. D. Shank, Dover, Del. 

First Vice-President: J. V. Cannen, Hagerstown, Md. 

Second Vice-Pre side nt: IK. S. Hopkins, Baltimore, Md. 

Secretary-Treasurer: A. W. Blohm, Baltimore, Md. 

Repre sentative Ss, Board of Control: Harry R. Hall, Hvattsville, Md.: 
Abel Wolman, Baltimore, Md. 


Michigan Sewage Works Association 


President: N. G. Damoose, Grand Rapids. 

Vice-President: R. A. Anderson, Muskegon Heights. 
Secretary-Treasurer: W. F. Shephard, Lansing. 

Directors: W. I. Mallman, East Lansing; EK. C. Miller, Dearborn. 
Representatives, Board of Control: J. R. Rumsey, Grand Rapids; 


H. A. Olsen, Ann Arbor. 


Missouri Water and Sewerage Conference 


Chairman: Frank Turner, Cameron. 

Vice-Chairman: W. V. Weir, St. Louis. 
Secretary-Treasurer: R. R. Stewart, Jefferson City. 
Acting Secretary: L. O. Williams, Jr., Jefferson City. 
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Haxecutive Committee: B. W. Crenshaw, Chillicothe; W. KE. Barnes, 
Liberty; Harry Gallagher, Independence; G. F. Gilkinson, Kansas City; 
W. Scott Johnson, St. Louis; KE. E. Wolfe, Hannibal. 

Representatives, Board of Control: R. K. Fuhrman, Springfield; 
ki. S. Glenn, Carthage. 


New England Sewage Works Association 


President: Guy EK. Griffin, Cos Cob, Conn. 

Vice-President: Stephen DeM. Gage, Providence, R. I. 

Secretary-Treasurer: F. Wellington Gilereas, Albany, N. Y. 

Representatives, Board of Control and Directors: John H. Brooks, 
., Worcester, Mass.; LeRoy W. VankKleeck, Hartford, Conn. 


New Jersey Sewage Conference 


Chairman: Willem Rudolfs, New Brunswick. 

Vice-Chairman: Asher Atkinson, New Brunswick. 

Secretary: Richard C. Smith, Glen Ridge. 

Representatives, Board of Control: Willem Rudolfs, New Bruns- 
wiek; Richard C. Smith, Glen Ridge. 


New York State Sewage Works Association 


President: Linn H. Enslow, New York City. 

Vice-President: Charles C. Agar, Albany. 

Secretary-Treasurer: Arthur S. Bedell, Albany. 

Executive Committee: Morris M. Cohn, Schenectady ; L. H. Enslow, 
Yew York City; Henry W. Taylor, New York City; C. C. Agar, Albany ; 
Thorndike Saville, New York City; William W. Watkins, Oneonta; 
Harry Eustance, Ithaca; Fred J. Biele, Huntington; Thomas J. Smith, 
vewark, 

Representatives, Board of Control: Morris M. Cohn, Schenectady ; 
Linn H. Enslow, New York City. 


North Carolina Sewage Works Association 
President: C. Ki. Rhyne, Gastonia. 
Vice-President: J. C. Martin, Tarboro. 
Secretary-Treasurer: M. F. Trice, Raleigh. 
Representatives, Board of Control: H. G. Baity, Chapel Hill; Wil- 
liam M. Piatt, Durham. 


Ohio Sewage Works Conference Group 


President: C. D. MeGuire, Columbus. 

Vice-President: Flovd G. Browne, Marion. 

Secretary-Treasurer: Frank Woodbury Jones, Cleveland. 

Representatives, Board of Control: Floyd G. Browne, Marion; C. D. 
MeGuire, Columbus. 








Mahlie, Fort Worth. 
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Oklahoma Water and Sewage Conference 


President: F. L. Bickerstaff, Clinton. 
Vice-President: K. L. Stockton, Stillwater. 
Secretary-Treasurer: H. J. Darcey, Oklahoma City. 


Representatives, Board of Control: H. J. Darcey, Oklahoma City; 


Ky. M. Evans, Fairview. 


Pacific Northwest Sewage Works Association 


President: Carl E. Green, Portland, Oregon. 

First Vice-President: W. V. Leonard, Boise, Idaho. 

Second Vice-President: M. IX. Snyder, Pullman, Wash. 
Secretary-Treasurer: F. Merryfield, Corvallis, Oregon. 
Representatives, Board of Control: Roy M. Harris, Seattle, Wash. ; 


Roy EK. Koon, Portland, Oregon. 


Pennsylvania Sewage Works Association 


President Emeritus: Elton D. Walker, State College. 

President: K. B. Wagner, Downingtown. 

First Vice-President: R. R. Cleland, State College. 

Second Vice-President: F. S. Friel, Philadelphia. 
Secretary-Treasurer: lL. D. Matter, Wilkes-Barre. 

Editor: J. R. Hoffert, Harrisbure. 

Representatives, Board of Control: C. A. Emerson, Jr., New York 


City; H. E. Moses, Harrisburg. 


Russian Sanitation and Waterworks Association 


Representative: M. N. Slessarev, Moscow. 


Sanitary Engineering Division of the Argentine Society of Engineers 


President: Juan B. Berrino, Buenos Aires. 
Secretary: Hugo Albertelli, Buenos Aires. 


Sewage Division, Texas Section, S. W. W. A. 


President: L. C. Billings, Dallas. 

First Vice-President: J. Li. Horner, Henderson. 

Second Vice-President: Frank M. Murphy, El Paso. 

Third Vice-President: A. M. Brenneke, Denison. 

Fourth Vice-President: George M. Crook, Tyler. 
Secretary-Treasurer: V. M. Ehlers, Austin. 

Assistant Secretary-Treasurer: Mrs. Karl H. Goodwin, Austin. 
Editor: Tom C. Green, Austin. 

Trustee: W. S. Mahlie, Fort Worth. 

Representatives, Board of Control: V. M. Ehlers, Austin; W. 5. 
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Sewage Section of the German Construction Society 


President: Fritz Langbein, Berlin. 
Vice-President: Adolf Heilmann, Berlin. 


The Canadian Institute on Sewage and Sanitation 


Past-President: W. M. Veitch, London, Ont. 

President: G. H. Ferguson, Ottawa, Ont. 

Vice-President: Grant R. Jack, Toronto, Ont. 

Secretary-Treasurer: A. E. Berry, Toronto, Ont. 

Trustees: N. J. Howard, Toronto, Ont.; H. S. Nicklin, Guelph, Ont. 

Representatives, Board of Control: A. Ki. Berry, Toronto, Ont.; G. 
H. Ferguson, Ottawa, Ont. 


The Institute of Sewage Purification (England) 


President: John Haworth, Sheffield. 

General Secretary: J. B. Croll, Surrey. 

Treasurer: C. H. Ball, Manchester. 

Secretary, Federation Affiliate: J. H. Garner, Wakefield. 

Representatives, Board of Control: J. H. Garner, Wakefield; J. B. 
Croll, Surrey. 


The Institution of Sanitary Engineers (England) 


President: G. T. Cotterell, London. 

Vice-Presidents: E. V. Balsom, London; W. C. Easdale, London; 
D. M. Watson, London. 

Hon. Treasurer: J. W. Hammond, London. 

Secretary: A. D. Hamlyn, London. 

Representative, Board of Control: A. D. Hamlyn, London. 


CALIFORNIA SEWAGE WORKS ASSOCIATION 
Eighth Annual Meeting 


Palo Alto and San Francisco, Sept. 23-24, 1935 


Concurrently with the first two days of the Annual Meeting of the 
League of California Municipalities, the California Sewage Works 
Association held its Eighth Annual Meeting at Palo Alto and San 
Francisco. From 8:00 A.M., Monday, September 23, until 5:30 P.M., 
Tuesday, September 24, the meeting extended through the daylight 
hours and part of Monday evening. 

Following registration at the beautiful Community Center Building 
at Palo Alto the members proceeded to the relatively new Palo Alto 
subsidence and separate sludge digestion plant, for inspection of the 
works. Returning to Palo Alto the group convened in technical ses- 
sion, discussed standing committee reports and listened to H. O. 
Banks’ presentation of a paper descriptive of the Palo Alto Plant, the 
reasons for its selection, its operation features and costs. 
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Luncheon was tendered by the Board of Public Works of Palo Alto 
and served in the Community Center dining room. Three of the 
Stanford faculty members joined the members at luncheon and spoke 
informally. 

From Palo Alto the members proceeded by automobile caravan to 
an inspection of the sewage disposal plant at San Mateo, now under 
construction, the recently completed Burlingame plant, the San Fran- 
cisco Jail plant, the site of the proposed Richmond-Sunset plant in 
Golden Gate Park and the Golden Gate Park plant. At the latter 
location the members dispersed to re-convene at 7:00 P.M. at the St. 
Francis Yacht Club for the annual dinner. 

Mayor Pomeroy of South Gate addressed the dinner audience and 
spoke of the position which an organization such as the California 
Sewage Works Association should occupy in the governmental struc- 
ture of the State. He stressed the importance of sound and reliable 
technical advice to city officials charged with the responsibility of 
selecting materials of construction and types of public works, and drew 
attention to the fact that there is a broader horizon for Association 
members than that of personal advantage, brought about by contact 
with other members or by discussion of advanced ideas or individual 
unsolved problems. 

Mr. Pomeroy’s inspiring address was well received and prompted 
a desire on the part of Association members that a fuller understand- 
ing of the group knowledge and resources of the California Sewage 
Works Association be made available to the policy-determining officials 
of the State and its subdivisions, in order that such officials be en- 
couraged to rely upon the Association for guidance in those civic affairs 
touching upon its activities. 

Mr. Pomeroy’s suggestion of a discussion of the California Sewage 
Works <Association’s aims, objectives and achievements before the 
Mayor’s and Councilmen’s Section of the League met with the approval 
of the Association’s governing board. 

Tuesday A.M., at the William Taylor Hotel, San Francisco, the 
Engineers and Street Superintendents Section of the League met with 
the Association. City Engineer John Casey, of San Francisco, and 
his assistant, Ben Benas, outlined what is in prospect for the City and 
County of San Francisco in the way of advanced sanitation and sewage 
disposal. Mr. Casey touched upon the financial steps involved and 
the system now in operation. He related the careful study by his office 
and the Board of Consulting Engineers which has led to the adoption 
of the plan of sewage disposal. Mr. Benas enlarged upon the engineer- 
ing and design studies. Of the Engineers’ Consulting Board, Messrs. 
Hyde and Kennedy were present, and each contributed in clearing up 
points of discussion. Messrs. Reynolds and Eddy of the Consulting 
Board were unable to attend. All are members of the C. S. W. A. 

Mr. J. W. B. Blackman, City Engineer of Long Beach, discussed 
sewer pipe disintegration in his city, illustrating his address with views 
of Long Beach sewers which have been or are being destroyed by the 




















Vol. 8, No. 1 PROCEEDINGS OF LOCAL ASSOCIATIONS 141 





action of oxidized hydrogen sulphide gas. He related the measures 
which are being taken by the city to retard the destructive action in 
existing sewers and eliminate it in future installations. Mr. Black- 
man’s well-illustrated presentation left no doubt in the minds of his 
audience as to the importance of current knowledge in sewer design 
and maintenance if the sewer be expected to exist more than a few 
years in place. 

The importance of foresight in the design of sewage plant facilities 
was detailed by Wm. F. Ingram of the San Joaquin County Health 
Department in a discussion of the overloaded plants of the San Joaquin 
area. Industrial wastes, unanticipated and unforeseen by the short- 
sighted and inexperienced, many times account for extensive overload- 
ing of facilities, resulting in gross pollution and menace to public health 
and welfare. Mr. Ingram cited the case of Stockton, in particular, 
where a sewage treatment plant designed for the normal population of 
the city was now attempting to treat sewage from a population equiva- 
lent to three times as great, with poor success. 

Dr. Richard Pomeroy, Research Chemist, Los Angeles County Sani- 
tation Districts, illustrated a new departure used in the detection of 
hydrogen sulphide in sewage and described the value of the test in 
treatment processes and sewer maintenance. 

The Tuesday afternoon session of the Association was devoted to 
a symposium on sludge-gas engine construction and operation and a 
presentation of plant operation problems by operators. 

In the gas engine symposium, C. F. Tennant, Chief Operator, Los 
Angeles County Sanitation Districts’ plant, related experiences in four 
months’ operation of a 200 H. P. gas engine at his plant. The engine 
is used for pumping 18 m.g.d. of plant effluent through a 36-inch force 
main, 20,000 feet long, to final disposal. The gas engine accomplishes 
a net saving of $300 per month. 

S. A. Greeley of Chicago contributed a paper descriptive of early 
efforts in the use of sludge gas for internal combustion engine fuel. 
The paper progressed to practice in England and Germany and finally 
detailed the installations in the United States. Mr. Greeley quoted 
widely from plant data over the world, set out operation costs and stated 
information ealeulated to inform those contemplating such use, of the 
preliminary information desirable and the probable cost and savings 
in operation. 

A. K. Hegeman, sales engineer of Smith-Booth-Usher Company, 
Los Angeles, read a paper dealing with sludge-gas engine development 
from the manufacturers’ angle. He pointed out features to be avoided 
as well as those to be sought in such equipment, discussed good and 
bad methods of operation and their reflection in operating costs, and 
concluded by specifying a number of ‘‘don’ts’’ for operators if they 
desire suecess with sludge-gas engines. 

In addition to describing conditions which led to the selection of a 
sludge gas engine for the sewage plant of Ontario, California, A. Burt, 
City Engineer, presented a complete and composite picture of the new 
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plant, which is of the activated-sludge type, departing considerably 
from conventional design. 

H. O. Banks of Palo Alto related experience at the Palo Alto plant 
with sludge-gas engine operation. 

William Berg, San Bernardino, Fred West, Stockton, and A. B. 
Shearer, Marin County Sanitary District No. 1, took part in the plant 
operators’ symposium. Each described his plant process, stressed its 
shortcomings, spoke of its advantages and proposed means whereby 
improvements in process and operation might be gained. 

The operators’ remarks were of particular interest to designers and, 
it must be said, left no doubt in the minds of the latter that a thorough 
knowledge of plant operation might be a beneficial prerequisite to their 
professional efforts. 

The meeting concluded with the election of the following officers for 
1936: 

President: A. M. Rawn, Assistant Chief Engineer, Los Angeles 
County Sanitation Districts. 

First Vice-President: EK. A. Reinke, Research Engineer, Bureau of 
Sanitary Engineering, California State Dept. of Public Health. 

Second Vice-President: R. F. Goudey, Sanitary Engineer, Depart 
ment of Water and Power, City of Los Angeles. 

Board of Directors, 1940: J. F. Byxbee, City Engineer and Execu 
tive Officer, Board of Public Works, Palo Alto. 

Member, Board of Control: Harold F. Gray, Sanitary and Hydraulic 
Engineer, Berkeley. 

Hold-over officers are: 

Director, 1936: L. B. Reynolds, Professor of Hydraulic and Sanitary 
Engineering, Stanford University. 

Director, 1937: W. A. Allen, Superintendent, Pasadena Sewage 
Disposal Plant. 

Director, 1938: A. G. Darwin, Editor, San Francisco. 

Director, 1939: J. F. Smith, Engineer, Great Western Electro- 
Chemical Corp., San Francisco. 

Secretary-Treasurer: F. D. Bowlus, Resident Engineer, Los Angeles 
County Sanitation Districts, 202 Law Building, Los Angeles. 

Ninety-five members were registered at the session and the average 
meeting attendance was eighty. 

F. D. Bow.us, 


Secretary-Treasurer 















































PROCEEDINGS OF LOCAL ASSOCIATIONS 
A PLANT OPERATOR’S PROBLEMS 
By Frep WEstT 


Stockton 


I don’t believe there is a city in the State of California where, at 
the present time, industries are overloading the sanitary disposal facili- 
ties as in Stockton. Prior to the advent of Mr. Ingram and his inves- 
tigation of the industrial waste problem of Stockton, I was operating 
a steam plant for the city and conditions at that plant were very bad. 
[ was transferred to the Southern Disposal Plant upon its completion 
and felt that Mr. Ingram’s investigation would be to the advantage 
of the city and would clear up certain disposal problems. Prior to tak- 
ing over the operation of the Southern Disposal Plant I had an oppor- 
tunity to inspect the construction, and to speculate upon how the plant 
would operate upon completion. The power plant is very nicely ar- 
ranged and it was apparent that I was going to have plenty of power 
and pump capacity but knowing the industrial waste problem at the old 
plant, particularly with respect to solids content, I began to wonder 
what I was going to do with that condition in the new tank. I could see 
no means of disposing of all of the accumulated solids which I knew 
would appear in the industrial wastes. The engineers who designed 
the tank, did it without much reference to the manner in which it should 
be operated, sacrificing good operation to economy of construction, 
apparently thinking that after it was completed they would be ‘‘out of 
the picture’’ and any further troubles would be my business. 

Well, I made quite a study of the tank and after a careful inspection, 
remarked to myself: ‘‘Well, here’s where you are going to have to do 
a lot of figuring and studying and testing if this thing is to operate 
successfully.”’ The top of the tank was decked with a multitude of 
doors, for what purpose I have never been able to understand. The 
city officials, in their wisdom, decided that they wanted me to use only 
half of the tank capacity. I remarked at the time that if I could get 
by using the full tank capacity, both the city officials and I, as well as 
the city of Stockton, should be very thankful. But they said to use only 
half so I commenced operation that way, with an initial flow of about 
a million and a quarter gallons per day. In a few days I saw some of 
these trick doors on the top of the tank commencing to bulge. The 
largest part of the gas chamber was overflowing so I placed the other 
half of the plant in service and nearly broke my back opening doors. 
There was no provision made for a fresh water supply on top of the 
tank, so I installed a fresh water system and began hosing down the 
vent chambers, which was practically a continuous operation, opening 
and closing doors all the time. This latter got to be too much of a job 
so I commenced removing doors and before long I had quite a pile of 
them surrounding the plant. About this time the city engineer came 
down to investigate and asked what was going on. I showed him and 
said, ‘‘Send me down a carpenter to build a walk over the top of the 
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tank so I won’t fall in, and also to build a stairway up to the tank top 
so that I can get back and forth between the pumps and the tank runway 
ten or twelve times an hour without wearing myself out doing it.’ | 
have a considerable regard for engineers but you can see what they’!| 
do to you if they don’t have to operate their own structures. 

I don’t know who was responsible for getting me on this program 
and I intend to speak my mind clearly while I’m up here on my feet. 
In my experience the plant operator’s complaints are not given enough 
attention by those in power. Those responsible for the administration 
of the plant delight in passing him the works. He must figure out his 
difficulties for himself and with particular reference to industrial 
wastes coming into the plant, must determine the party who is guilty 
and then he must work out the problem to his own best advantage and 
that of the city. 

This new plant was an Imhoff tank installation and I didn’t know 
much about it except, like Will Rogers, what I read in the papers and 
in some books. From what I knew I figured out a system of operation 
and then tried my best to get some information from the many im- 
portant gentlemen who looked the plant over. Their reply was, in 
effect, that the same condition was existing in all other plants and to 
just figure the thing out for myself. I asked some of them why they 
wrote books on the subject to tell the other fellow how it was done and 
then couldn’t tell me anything. They had no reply. | got an honest 
opinion from Professor Reynolds when I asked him what others do 
in like circumstances. He replied, ‘‘Nothing, except what you are 
doing—so just continue.’’ 

I kept continually after the city engineer to bring an individual to 
the plant to whom I could put my questions and get helpful and intel- 
ligent answers. I told him I would like to have the gentleman who is 
the designer of this tank come down here someday. One day he tele- 
phoned stating, ‘‘ Your wish is granted. Dr. Karl Imhoff is going to be 
in California and I[’ll bring him down if he comes up here.’’ I was de- 
lighted and thought, ‘‘Here’s where I get some real answers.’’ The 
day the Doctor was going to pay me a visit I was all prepared, with 
everything cleaned up ship-shape. My plant was operating fairly well 
at the time and when the Doctor came I told him I’d heard a lot about 
him and I was glad to have him here to look over this situation. We 
went up to the top of the tank. I was anxious to find out from Dr. 
Imhoff how to stop foaming. He said ‘‘ In some plants, pumping 
sludge into the gas chambers has eliminated foaming but it will never 
work here because the sludge accumulates on top of the fresh sludge 
and you have just twice as much.’’ That was the Doctor’s contribu- 
tion at a time when my plant was operating better than it ever had 
before. 

Well, all this time I kept after the administration to do something 
with the industrial wastes because of the amount of solids in the float 
chamber. I took out and readjusted scum boards, doors, and the like 
and could see all the time that I was doing a great amount of no good. 
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I wasn’t getting any help in curtailing industrial flows but I had plenty 
of pumping capacity so I jammed the sewage through and let nature 
take its course. About this time Mr. Ingram arrived on the job, said 
there would be a thorough examination of the diluting body of water, 
as well as the plant conditions, and probably we would get an addition 
in capacity. Sure enough there was quite a stir in the administration 
and they made application to rebuild or add to the structures. I hope 
that it will be only a matter of time when conditions will be improved 
and I will be in a position to invite you all to a plant that L would not 
be ashamed to have you look at. 

The first industrial contributor to overload our facilities was a 
fibreboard factory and I coneluded that whenever there is material 
left that won’t make fibreboard it must be pretty bad. I was getting 
quite a collection of that. I told the city engineer that the fibreboard 
company was using the sewage plant for the disposal of a lot of 
material not fit to make fibreboard. The condition was found to be 
true, was stopped, and I wish you could see the collection of waste 
material they now have in a field next to their factory. The next 
trouble was due to the establishment of a cheese factory. I com- 
menced to get all the whey, or whatever it is that you can’t make cheese 
out of. There was no doubt about where this waste came from. It 
was almost too much for me. I called the city engineer and he said it 
couldn’t be the cheese factory. I told him to come down and see. 
Standing on top of the tank, we discussed the relative merits of Lim- 
burger and California cheese; finally went down to the cheese plant and 
found that their day shift was carefully collecting the waste material 
and putting it in eans which the night shift dumped into the sewer as 
a means of disposal. We stopped that practice. 

Following this I got collections of oils, grease and grit. Installation 
of traps in garages, grease racks and a few other devices, as a result 
of an ordinance, helped this condition considerably. A lot of others 
interfered, but the final one, not so long ago, was a cannery company 
which makes tomato sauce. Tomatoes are ground up and the liquids 
are extracted from the solids and the seeds. The residue goes into the 
sewer. A month after the commencement of this operation the gas 
vents aceummulated so much that they were 18 inches above the deck 
of the tank. I have had a man working two weeks removing this col- 
lection at the rate of a wheelbarrow load every five minutes, and I have 
quite a collection of tomato skins at the plant site. 

In closing, I extend an invitation to you all to come up and see a 
real plant as soon as pending improvements have been made. 











Reviews and Abstracts 


H. W. STREETER 





FACTORS IN THE DESIGN OF SEWAGE DISPOSAL WORKS 


By H. C. WHITEHEAD AND F, R. O’SHAUGHNESSY 


The Surveyor, 88, 403-07, 483-39 (October 18, 25, 1935) 

In this interesting and comprehensive paper the authors trace the gradual develop 
ment, largely British, of biological methods of sewage purification, show that these pro: 
esses have been slowly evolved by selection and that consequently they are very firmly 
established. Moreover, because these methods exemplify the results of long experience 
with the natural phenomena of changes in organic matter in sewage, they are likely t 
remain as standard practice for an indefinite time. However, there is justification for 
examining these basic principles in the light of changes in the composition and increase 
in strength of sewages being brought about by industry and the resulting need for ear 
ful design of sewage treatment devices to meet the requirements of such situations. 

No review ot sewage treatment could be written, of course, without due acknowledg 
ment of the monumental work of the Royal (Iddesleigh) Commission on Sewage Disposal 
and the conclusions and views of the Commission are freely quoted. Also, the Commis- 
sion concentrated on treatment methods for the settled sewage liquor rather than on pro 
cedures for the separation and disposal of the solid matters and the present paper follows 
this plan. However, the effectiveness of treatment of such liquors by the newer activated 
sludge process is often more limited than by the percolation beds then in vogue and, with 
out prejudice to the newer procedure, the authors make the point that “ when designing a 
plant to deal with any particular sewage, the closest and most careful study of the com- 
position, qualities and behavior of the sewage under known conditions should be made 
before the selection of the method of treating it is decided on.” 

Chemical Treatment.—The authors’ views on this method of sewage treatment coin 
cide with those expressed by cited American authorities, namely, that these processes have 
not yet emerged from the experimental stage and that “the role of such processes must 
be the usual well known one for the relief of the load on oxidation plants, the reduction 
of pollution, or for partially treating difficult trades wastes and sewages.” 

Functions of Sedimentation Tanks——In addition to the generally accepted function 
of sedimentation tanks to remove suspended solids, the authors stress other important ones. 
These are: 





a. To average the variations in strength of the sewage, 
b. To balance inequalities in the rate of flow of sewage, 
c. To provide time for self purification. 


or 15 hours, although for balancing the load to be passed on to the oxidation process, 
tanks with a variable capacity must be used. One objection to these long detention 
periods—development of septic action—can be minimized by proper design to avoid stag- 
nant water zones and to provide cleaning operations to check unnecessary fermentation. 

Data are presented to support the claim for natural purification—biochemiecal oxida 
tion—of the sewage liquor in the tank, said to amount to as much as 50 per cent, and to 
demonstrate that such bacterial purification is held up by chlorination. Such self-puri- 
fication demonstrates the value of longer sedimentation time in effecting oxidation which 
otherwise must be accomplished later and at higher cost either in activated sludge plants 
or bacteria beds. 


To accomplish these purposes, longer detention periods are essential, even up to 12 
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Strength of Sewage—The effort of the Royal Commission Report is diseussed, to 
compare the work done by various types of oxidation plant. The formula proposed for 
this purpose by Dr. McGowan and Mr. Frye in the Fifth Report is cited, namely : 
\mmoniaeal nitrogen + organie nitrogen X | [Weight of oxygen required to oxi- 
(volatile suspended solids X 2) —nitrie nitro-+}—=4dize the impurities in 100,000 
ven X 3) J \ pate of the liquor. 

An important finding in this conneetion and still of value is that the dilution of strong 
sewage with an equal volume of clean water will permit filtration at twice the rate of the 
undiluted liquor, but that the effluent of the diluted liquor will be more highly purified. A 
eraph shows that this same principle applies to effluents from the activated sludge proc- 
ess, although as the purification rate for the weaker liquor declines more rapidly, a larger 
ize plant will be needed for the greater volume of the weaker liquid. 

The value of mathematical treatment of oxidation rates is discussed in some detail 
and the methods of approach suggested by Mr. Tatham who worked for the Royal Com- 
mission and by Mr. Theriault of the U. S. Public Health Service are reviewed with full 
appreciation of their limitations as applied to the complex biological factors involved. 
It is frequently apparent “that something more than existing simple empirical rules is 
necessary for guidance when setting out not merely to design plant but more important 
still to decide which type of plant shall be used.” 

The Avidity of Sewage Liquors for Oxygen—Appreciation of the rapidity with 
which oxygen is absorbed by sewage liquors is essential for the proper design and suc- 
cessful operation of biological sewage treatment plants, particularly of the activated 
sludge type. Graphs are given which illustrate the effect upon the rate and extent of 
biochemical oxygen demand by such factors as increase in sewage strength, age of sewage, 
strong industrial sewage, partial treatment by activated sludge and dilution. The point 
is made that in an activated sludge plant this avidity for oxygen may be greater than the 
aeration facilities are able to supply and that under such conditions the process ceases 
to funetion. The rate at which oxygen is supplied in activated sludge plants is, therefore, 
the most important limiting factor in the application of this process to the complete 
treatment of strong sewages and industrial wastes. In such cases partial treatment may 
be used to considerable advantage. In this connection the authors suggest that “ bulk- 
ing” of sludge is caused frequently by this high, unsatisfied avidity for oxygen of the 
sewage liquor which prevents proper biological action and thereby interferes with floe 
formation. 


Miscellaneous.—As stated in the conclusions, “ The later portion of the paper is 
devoted to a detailed history of the development of the bacteria bed and some account 


4] 


of the authoritative contributions of the Iddesleigh Commissioners as to the detailed per- 
formance of such beds. 

“ Reference is also made to the development of other oxidation methods—the acti- 
vated sludge processes, and the use of activated sludge for giving partial treatment to a 
sewage liquor. 

“Problems presented by storm water, aerial nuisance and its elimination, humus 
tanks, means of control, ete., are dealt with, and the practical importance of proper at- 
tention to the appearance and best lay-out of plant and buildings is discussed. 

“The paper is accompanied by twelve diagrams trom which the figures in the text 
have been prepared.” 

J. K. Hoskins 


SURVEY OF RIVER TEES (PART II) 


Water Pollution Research, Technical Paper No. 5 


By W. B. ALEXANDER, B. A. SOUTHGATE AND R. BASSINDALE 
British Water Pollution Research Board, 171 pp. (1935) 


This report deals with the results of a comprehensive chemical and biological in- 
vestigation of the River Tees estuary covering a period of four years. The object of 

















148 SEWAGE WORKS JOURNAL January, 1936 


the survey was to obtain data on the effects of sewage and trade effluents on the river and 
the extent to which these wastes should be purified to prevent serious pollution. 

The tidal section of the river from Yarm down to Stockton flows through an agri- 
cultural country, but below Stockton passes through a densely populated industrial area. 
In the 7-mile stretch from Stockton to Cargo Fleet, the combined wastes from 280,000 
population are discharged. Large numbers of migratory fish attempting to pass through 
the estuary are killed each year, and the value of salmon and sea trout fishery has declined 

Together with the general tidal movement of the whole body of water up and down 
the estuary are other movements. Fresh water flows downstream mainly in the uppei 
layers and salt water upstream in the lower strata. The middle stretch of the estuary is 
thus stratified. The estimated time of flow through the estuary is 2.5 days in wet weather 
and 6 days in dry weather. Substances carried in the upper strata reach the sea mor 
rapidly and substances in the lower strata less rapidly than indieated by these averag 
times. 

As a result of decomposition and oxidation of sewage and industrial effluents dis 
charged into the river, the central part of the estuary is usually deficient in dissolved 
oxygen. The rate of oxidation is higher in summer, when on some oceasions the dis 
solved oxygen may be as low as 5 per cent of saturation, which is sufficient to support fis! 
life. Observations and experiments have indicated that about 60 per cent of the reduction 
in D.O. in the River Tees estuary is due to sewage and about 40 per cent to industrial 
wastes. 

Near the mouth of the estuary, marine fauna and flora are abundant and at Yarm 
fresh water forms are numerous. In the central zone, particularly just below Stockton, 
there are few marine or fresh water organisms, their smallest numbers coinciding wit! 
the region of maximum pollution. Surveys have shown that in all three estuaries the 
seareity of marine and fresh water organisms is due largely to unsuitable tidal conditions. 

The most important of the industrial effluents discharged into the Tees are those from 
by-product coke works. The main constituents of these wastes are ¢yanides and phenolic 
tar acids. Approximately 2 tons of tar acids and 1 ton of cyanide are thus discharged 
daily as an average. Cyanide is more toxie than tar acids, a concentration of 0.1 to 0.2 
p-p.m. being sufficient to kill fish in one hour. Systematic observations have indicated 
that cyanide has been the main cause of death of large numbers of fish in the River Tees 
during recent years. This substance has been detected in the estuary in concentrations 
sufficient to kill fish. Gills of smolts, picked up in a dying condition, have had the 
brighter color characteristic of cyanide poisoning. This conclusion was an important 
step in dealing with the problem, as cyanide poisoning had not been suspected previousl) 
as being the cause of the death of fish. 

Several methods of treating effluents containing cyanide were studied, including 
treatment with lime and waste liquid from local galvanizing works. In this case a 1 per 
cent dilution of the untreated waste killed fish in a few minutes, whereas the treated 
waste in the same dilution was found innocuous after 24 hours. From the work relating 
to coke oven effluents, it has been concluded that the discharge of such effluents to the 
river could be greatly reduced in quantity, and possibly avoided, by modification in the 
methods of cooling and washing coke oven gas and by using the waste liquids for quench 
ing coke. Future installations of coke oven will be so designed that appreciable quanti 
ties of polluting liquids need not be discharged. 

Sewage pollution of the estuary can be reduced by treatment or by discharging the 
sewage into the sea at a point some distance from the shore. 

The report contains many illuminating tables and charts and an appendix dealing 
with methods of analysis. It is an important contribution to the literature. 

H. W. STREETER 
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THE PRESENT STATUS OF SEWAGE PURIFICATION IN SOVIET 
RUSSIA 


From the Report of Prof. S. N. Stroganoff 


By Dr. R. WIENERS AND Dr. H. BACH 


Gesundh.-Ing., 58, 448 (1935) 


In May, 1934, thirty papers on sewage treatment were presented before a group of 
scientists in the Academy for Communal Science in Moscow. Self purification of 
streams, anaerobie digestion of sludge and the activated sludge process were discussed 
and the following Russian treatment plants were described : 

The biological purification plant at Detzkoje Selo (Leningrad) was built in 1906 
and was designed for the treatment of 2,774,000 gallons from a population of 30,000. 
The sewage is well diluted with ground water and has an average B.O.D. of 200 p.p.m. 
The temperature of the sewage in winter reaches 40° F. 

The plant at Tula, which consists of two grit chambers, four pairs of Imhoff tanks, 
two trickling’ filters with fixed distributors and artificial sludge dewatering beds, in 1933 
handled a daily sewage flow of about 2,180,000 gallons from 70,000 inhabitants or 31 
vallons per capita. The results of treatment are satisfactory in the summer but during 
the winter, the trickling filters are overloaded. 

At Simferopol, the treatment plant consisting of two Travis tanks (with colloiders), 
two trickling filters with fixed distributors, two secondary settling tanks and two final 
trickling filters (Dunbar type) was built in 1925-1929. The daily sewage flow in 1933 
was 660,500 gallons from a population of 25,000. The purification has been satisfactory 
even during the canning season when the sewage load is doubled. 

Since 1889 Odessa has used broad irrigation of sewage. An average sewage flow 
1 about 4,755,000 gallons (10.5 gallons per capita) is treated on 2828 acres, of which 
about 700 acres lie fallow. With doses of 1070 to 1800 gallons per acre per day, de- 
pending upon the season, excellent yields of vegetables are obtained. A sandy layer, 20 
to 30 inches thick, is sufficient to guarantee satisfactory purification with the climatie 


conditions of Odessa. 

The experimental work of the Moscow Sanitary District is carried on at the 
Koschuchowo plant which treats a daily sewage flow of about 10 to 13 million gallons 
in three independent groups of units. The equipment consists of: 


1. Settling tank (Dortmund type) 
Aeration tanks for activated sludge (30 minutes) 
Reaeration for the activated sludge (80 minutes) 
1, Secondary settling tank for activated sludge (Dortmund type) 
5. Aerofilter (Artificially aerated trickling filters treating 30 gallons aerated sewage per 
cubie foot of slag daily) 
6. Chlorinating apparatus for disinfection of the effluent 
7. Biothermie tanks (Beceari type) for screenings 
5. Separate sludge digestion tanks, heated to 77-86° F.. for the sludge of tanks 1 and 4 
9. Land prepared for drying digested sludge 
(). Compressors, pumps, motors, boilers, ete. 


) 
» 
o. 


The proposed treatment plants for Charkow will be designed for a population of 
1,625,000 (present population 650,000) with a daily sewage flow including industrial 
astes of 103,000,000 gallons (present flow 11,889,000 gallons). The sewage will be 
treated by the activated sludge process and digested sludge will be dried on sand beds for 
use as fertilizer. Since the plant effluent is discharged into a river, the flow of which is 
negligible as compared with the amount of sewage, chlorination will be used. 


G. P. Epwarps 
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WASTES FROM THE MARGARINE INDUSTRY 


By Commissioner GLASER, Clave 


Gesundh.-Ing., 58, 254 (1935) 


The waste from the actual production of margarine contains oil and fat particles, is 
turbid from the milk residues, has a sour odor and is relatively small in volume. How- 
ever, large amounts of waste result from the treatment of the raw materials and from the 
various cooling processes. The raw oil contains small amounts of free fatty acids which 
are removed as soap by treatment with caustic. The soap, which is removed by mechani- 
cal means and by washing, is hydrolyzed with sulphurie acid. Unless the process is 
carefully supervised, the wastes may sometimes be acid. 

The liquid vegetable oils are solidified by treatment with hydrogen which is produced 
from water gas. The very hot wash water obtained in purifying the hydrogen con 
tributed indirectly to the corrosion of the sewer. 

An investigation in 1920 showed that the sewer into which the wastes were dis- 
charged was being attacked. This sewer was well constructed of masonry and completely 
tight but the mortar joints, especially in the crown and upper walls, were considerably 
corroded. The damage was caused by the sulphate and sulphurie acid content of tli 
waste and by hydrogen sulphide. The sulphate and free sulphuric acid attacked thie 
mortar and formed calcium aluminum sulphate. The fact that most of the disintegration 
of the mortar took place in the crown of the sewer and on the walls above the water line 
indicated the presence of a corrosive gas, such as hydrogen sulphide. The discharge ot 
the hot water into the sewer containing domestic sewage encouraged the formation of 
hydrogen sulphide. 

Further damage to the sewer was prevented by neutralizing the acid wastes, by 
cooling the hot water to prevent the formation of hydrogen sulphide and by the removal 
of vapor and gases from the sewer, through adequate air shafts. 

Before treatment the waste is very warm, yellow and contains fine oil drops which 
separate out on the surface. It smells very rancid and has a strong acid reaction. 

After treatment the waste is slightly yellow and contains traces of oil. Its odoi 
is slightly rancid and the reaction is still slightly acid. 

The analyses of the waste, before and after treatment, are shown in the following 
table: ; 


Before Treatment After Treatment 
Total SO, .. Sar ee 903 p.p.m. 693 p.p.m. 
Combined SO , 55h 4 0'es 6 ooo, EO SANs 595 p.p.m. 
Bree SO, .... os , . 357 p.p.m. 98 p.p.m. 
Oil content .. . 680 p.p.m. 280 p.p.m. 


It is assumed that the free acid in the treated waste is neutralized by dilution with 
other water inside the plant. 
G. P. Epwarps 


THE DEVELOPMENT OF SEWAGE TREATMENT IN FISH PONDS 


By Director Tu. FatcK, Detmold 


Gesundh.-Ing., 58, 6 (1935) 


Biological purification in fish ponds consists in the working over of soluble and 
finely divided organic matter by innumerable small organisms which serve as food for fish. 
The largest installation of fish ponds is at Munich where the sewage from 700,000 persons 
is treated on about 550 acres. Generally, an acre of pond can treat the settled sewage 
from 800 to 1200 persons and may produce 1600 pounds of healthy carp a year. 

Sewage fish ponds have not been more commonly used because either the required 
area of ground or sufficient dilution water was not available. The load on the ponds 
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has been successfully increased to 1600-1800 persons per acre. If there is sufficient head 
the available dilution water can be added to the highest pond and the effluent from this 
pond used to dilute the influent to the next pond below. Ground water, cooling water 
and the effluent from trickling filters have all been used for diluting purposes. When 
broad irrigation is employed in the vicinity of overloaded ponds, the sewage, at periods 
of greatest concentration, can be distributed on the land. 

Since selling the fish in the fall and rebuying in the spring creates unfavorable 
market conditions, it is generally more economical to keep them through the winter in 
fresh water. : 

Young fish grow better in shallow ponds and live longer in low concentrations of 
oxygen than do old fish. Water plants may supply oxygen during the summer, but when 
they die in the autumn they seriously interfere with fish culture. Although ducks should 
eliminate weeds, it is not always profitable to raise them on sewage ponds, as they fre- 
quently eat the fish and may require grain. 

The use of fish ponds requires a thorough knowledge of fish culture since a slight 
error in operation, especially during the winter, can be disastrous. 

G. P. Epwarps 


COURT DECISION ON SEWAGE DISPOSAL 


Mississippi Supreme Court, Division B; Hodges et ux. v. Town of Drew, 159 So. 298; 
Decided Feb. 11, 1935 


Public Health Reports, 50, 43, 1501-2 (October 25, 1935) 


An action was brought by the plaintiffs, husband and wife, against the town of Drew 
to recover damages for injuries to the plaintiffs’ health and comfort and to their land, 
alleged to have been caused by the improper and negligent maintenance by the defendant 
of its septic tank. The trial court, at the conclusion of the evidence, directed the verdict 
for the defendant, and the plaintiffs appealed. 

The evidence for the plaintiffs showed that the town had permitted the septie tank 
to fall into disrepair to such an extent that sewage overflowed and contaminated the 
surrounding land and the waters of a nearby Jake. The septic tank and the lake, in part, 
were situated on the plaintiffs’ farm. Offensive and nauseating odors were emitted by 
the overflowing sewage. The town sought to justify the directed verdict on the grounds 
(a) that the evidence failed to show that the plaintiffs suffered any peculiar or special 
damage on account of the maintenance of the nuisance not common to the general public, 
and (b) that in the construction and maintenance of the waterworks system, including 
the septic tank, the town was in the exercise of one of its police powers, that of con- 
serving the public health, which was a governmental function, in the exercise of which, 
although wrongful, the town was not liable for damage to property. The supreme court 
rejected both of these contentions, reversed the judgment, and remanded the cause. 

H. W. STREETER 


FEATURES OF THE NEW NORTHSIDE SEWAGE TREATMENT 
WORKS OF DURHAM, N. C. 


By WILLIAM M. PIATT 


Water Works and Sewerage, 82, 337 (October, 1935) 


Durham has recently put into operation an activated sludge plant with separate 
sludge digestion that has several unusual features. The new plant serves the north side 
of the city where practically all the industries contributing industrial wastes are located. 
These wastes, mainly from textile mills, present a difficult problem. Some of them are 
highly eaustie, with oxygen demands ranging up to 6000 p.p.m., and many are highly 
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colored. In addition to these wastes a residential population of approximately 30,000 
people is tributary to this plant. An agreement was made between the city and the in 
dustries under which the latter agreed to construct such pretreatment works as were neces- 
sary to equalize the quantity and strength of their wastes and to reduce the loadings on 
the municipal system to meet standards determined by the city. Several of these pre 
treatment plants are already in operation and it is expected that all of them will be in 
service by January, 1936. 

The water supply and sewage disposal are operated as a single utility in Durham. 
This consolidation of services has resulted in several operating economies. One ver) 
interesting result has been the possible interchange of power between the hydroelectric 
plant at the impounding reservoir and the sewage treatment plant. The sewage treat- 
ment plant has a 50,000 cu. ft. capacity gas holder in which gas from the digesters i 
stored. All of the gas produced is used for the generation of electric power, the waste 
heat from the gas engines being used to heat the digesters. An outdoor substation is 
connected through a four-mile transmission line to the line between the city hydroelectric 
plant and a substation of the Durham Public Service Company. This connection serves 
not only as a stand-by connection for the sewage treatment plant, but also allows the 
interchange of power at any time between the sewage plant and the city’s hydroelectric 
plant. During certain seasons of the year the hydroelectric plant is operated only the 
minimum number of hours daily necessary to fill the service reservoirs. During shut- 
down periods, the sewage plant supplies the necessary power for lighting and minor 
operations at the hydroelectric plant, drawing upon the stored gas if necessary. This 
power, if needed, can be restored to the sewage plant during periods of operation of 
the hydroelectric plant, thus allowing the reserve capacity in the gas holder to be restored. 
Later it is planned to perform a similar lighting service for the water filtration plant. 
At the present time, the sewage plant is producing sufficient gas to provide power for all 
plant operations and for lighting service at the hydroelectric plant without requiring 
any return of power. The quality of the gas produced can be closely watched by means 
of a Precision recording calorimeter installed in the laboratory which may be connected 
to any of the digesters by a separate gas header. This calorimeter record is a direct 
indication of the relative amounts of methane and carbon-dioxide being produced and 
will detect unfavorable conditions developing in the digesters long before they ean be 
detected by the conventional pH determination. Digested sludge is dried upon sand beds 
50 ft. square. Four of the ten beds are covered with an unusual roof of corrugated 
glass supported by bow string trusses. The structure has no side walls to obstruct 
ventilation. A Link Belt conveyor spans all of the beds. Sludge is loaded onto the 
conveyor by hand and delivered to trucks in the driveway along one side of the beds. 

The aeration tanks are equipped with a novel type of air diffusers placed lengthwise 
of the center of the tank at the bottom. Each air diffuser unit of galvanized cast iron 
contains eight diffuser plates set in a vertical position, four on each side, with a 14-inch 
air space between. Air is fed from a chamber below the plates which is an integral 
part of the unit. The units are connected with 4-inch flanged fittings forming a con- 
tinuous air header below the plates. The vertical position of the diffuser plates serves 
as an automatic regulator giving a uniform distribution of air throughout the length of 
the tank. The vertical position facilities cleaning the plates as nothing is deposited on 
them except such growths as readily form. These growths are easily removed if washed 
with a firehose as soon as the tank is emptied and before they have dried out. 

R. 8. Smitu 


EXPERIENCE WITH CHLORINATION OF ACTIVATED SLUDGE 


By E. E. SMITH 


Water Works and Sewerage, 82, 362 (October, 1935) 


During the summer of 1934, the Lima, Ohio, activated sludge plant experienced a 
great deal of difficulty with bulking of sludge accompanied by a marked increase in the 
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number of fungus filaments in the aeration units. All previously described remedies 
were attempted, such as increased air, variation in amount of sludge returned, ferrie 
chloride and lime. None of these remedies gave beneficial results, with the possible 
exception of heavy doses of lime. Finally, in October, chlorination of the return sludge 
was tried. At this time only one tank of chlorine was used without careful control, but 
the results were so promising that a solution-feed chlorinator was installed and put into 
use on November 2nd. Seven days after the start of chlorination, fungus filaments were 
absent from the sludge, the per cent of sludge by volume in the aeration tank mixture 
had dropped from 75 per cent to 16 per cent and the sludge index had risen from 0.42 
to 2.50. 

Apparently the ratio of p.p.m. of chlorine applied to each per cent of suspended 
solids in the return sludge is a governing factor in the use of chlorine for removal of 
fungus filaments, because during a second trial in December, no removal was obtained 
On several occasions since December, chlorine has been 


when that ratio was below 1.00. 
Complete removal of the fila- 


successfully used in reducing the number of filaments. 
ments has not been attempted in these later experiments, nor has it seemed necessary. 

The use of chlorine is considered to have effected a saving of between $470 and 
$1,650 in this 4.5 m.g.d. plant in 814 months, due to the saving in power used for air 
compression. The author states that bulking may be eventually expected when the air- 
sewage ratio is reduced below 1.00 to 1.25 eu. ft. per gallon, but with the use of chlorine, 
the air requirements should not exceed an average of 0.90 cu. ft. per gallon. It is felt 
that this last figure is amply high, because the air consumption has been as low as 0.62 cu. 
t. per gallon daily average and as low as 0.78 eu. ft. per gallon monthly average during 
chlorination. Without the ability to correct sludge bulking so readily and effectively with 
chlorine such low applications of air would have been unwise and impracticable. 

R. S. Smita 


WATER SUPPLY AND SEWAGE DISPOSAL AT SINGAPORE, 
STRAITS SETTLEMENTS 


By I. W. MENDELSOHN 


Water Works and Sewerage, 82, 371 (November, 1935) 


Singapore is on an island at the extreme southern end of the Malay peninsula, very 
near the equator. The climate is hot and humid with an average rainfall of 99.6 inches. 
The population of 475,000 comprises natives of nearly every Asiatic nation plus many 
other races. 

The sewage from the various parts of the city, averaging 4.62 m.g.d., is pumped by 
electrically driven centrifuged pumps located in five stations to the Sewage Disposal 
Works, which were completed in 1930. The plant has coarse screens, detritus tanks, 32 
Imhoff tanks, 55 cireular trickling filters, humus tanks, sludge drying beds and experi- 
mental units. All the sewage passes through the detritus and Imhoff tanks. About 75 
to 80 per cent of the Imhoff tank effluent is treated in the trickling filters and the re- 
mainder is partially purified in a bio-flocculation unit. The effluent from this unit, 
except for a small amount that goes to an experimental filter bed, is mixed with the 
from the trickling filters and the combined flow is then passed through the 


effluent 
Sludge from the humus tanks is dried on sludge 


humus tanks before being discharged. 
beds and that from the other tanks is dumped on special grounds. 

The Imhoff tanks provide a detention period of 2.65 hours at maximum dry-weather 
flow. The direction of flow through these tanks is reversed weekly. Sludge with an 
average moisture content of 95.5 per cent is drawn off in small quantities at frequent 
intervals at the rate of 1177 gallons per million gallons of sewage treated. Experiments 
on sedimentation of sludge by the addition of 3.5-4.5 p.p.m. of aluminum sulphate to 
detritus tank effluent or by agitation of detritus tank effluent with compressed air gave 


little effect. The trickling filters are 6 ft. deep and 100 ft. in diameter and are dosed by 
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revolving distributors at rates of 40 to 90 gallons per eu. yd. per day. They are filled 
with broken granite or coral. At first, ponding of the upper 12 inches was a source of 
considerable trouble. This layer is now washed in place by turning it over and hosing 
with a strong jet of clear effluent pumped from the humus tanks. The humus tanks, 
which give two hours of settling, are provided with upward flow filters of small lumps 
of coral at the tank outlet to prevent the surface scum, which appears soon after desludg 
ing, from passing off into the effluent. About two-thirds of the humus tank sludge whic! 
is dried on the sand beds is disposed of to the public for tennis courts, gardens, ete., and 
the rest goes to the dump grounds with the sludge from the detritus and Imhoff tanks. 

Much experimental work has been done on bio-aeration, bio-floceulation and sludge 
digestion. A bio-aeration tank was constructed with 10 channels having a total length 
of 1365 feet and a capacity of 198,000 gallons at 4 ft. depth. Mechanical agitation was 
provided by 9 ft. diameter paddle wheels on two lines of shafting. This unit treated 
an average of 188,000 g.p.d. of Imhoff tank effluent, but could not handle more than 
240,000 g.p.d. The best results were obtained with an addition of 15 per cent of return 
sludge. Purification seemed to proceed even when the sludge was bulking. Chlorin 
added to the sewage entering the tank at varying rates up to 36 p.p.m., adversely effected 
the biological life in the sludge. General operating results were unsatisfactory. 

This unit was subdivided to obtain a four channel flocculation tank of 76,200 gallons 
capacity and a six channel sludge reaeration tank of 114,000 gallons capacity. Com 
mencing in October 1930, the average quantity of Imhoff tank effluent treated in this 
unit was 853,776 g.p.d. Settled activated sludge in the amount of 1.62 per cent of th 
sewage flow was added to the sewage entering the tank and the average detention period 
was but 1.92 hours. This resulted in a reduction of 75 per cent in suspended matter and 
50 per cent in oxygen absorption. The effluent from this unit was applied to a 20 ft. 
diameter experimental trickling filter, similar in every respect to the main filters. Re 
sults indicate that for approximately equal results, the partially purified sewage from 
the bio-flocculation unit can be put through a trickling filter at a rate nearly four times 
that for the Imhoff tank effluent. 

Tests on intermittent chlorination of Imhoff tank effluent applied to the trickling 
filters at rates up to 55 p.p.m. of chlorine showed no apparent reduction in ponding no 


improvement in the filtrate, but did reduce the odors from the filters. 
R. S. SmivrH 


THE MENOMONEE FALLS, WISCONSIN, ACTIVATED SLUDGE 
SEWAGE TREATMENT PLANT 


By ROBERT CRAMER, JR. 


Water Works and Sewe rage, 82, 418 (December, 1935) 


Menomonee Falls put an activated. sludge sewage treatment plant into service in 
March, 1935. The plant, designed for an ultimate population of 1800, utilizes pre- 
liminary settling with separate digestion and mechanical aerators. The aeration tanks 
provide an aeration period of 4.9 hours, with a return sludge flow of 20 per cent. Sludge 
return is accomplished by gravity, utilizing the hydrostatic head available between the 
surface of the liquor in the final settling tank and the depressed surface of the liquor 
within the orifice cone of the aerator, thus eliminating the power costs of a continually 
operated return sludge pump. Waste sludge flows are regulated by means of an ad 
justable overflow pipe. An automatically controlled gas engine, utilizing digester gas, 
operates a generator which is expected to supply most of the current needed for aeration. 
The plant is operated by the Village Street Superintendent, who normally spends about 
an hour and a half per day at the plant, cleaning the bar screen and pumping primary 
sludge. This is the only work done at the plant other than routine sweeping and cleaning. 
The aerators are operated only 75 per cent of the time, being controlled by time switches 
set to a 15-minute cycle. 

















-—— 
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The plant is not provided with technical supervision and routine laboratory control 
examinations are not made. Results of a test run of about a week’s duration during a 
period of dry weather flow were as follows: 


Rewane DlOW (CAVeEIAge) sos e ede 6.c Foie slo el iwielvie es 144,000 g.p.d. 
Suspended Solids: 
ER A ROMUIEO (oer ee) ay sie c Bis sy (8-5. Ooaea a ate idle lene wan ss e's 194 p.p.m. 
UU oe SS ea a ee aD a rae ree ee a racers a 2.9 p.p.m. 
RU CrNNR ON ergs, so alisha) bales obs altace Weng @ osae ale Slojeter awe 98.5 per cent 
5-Day B.O.D.: 
EIS USSSA poe So a en RC 172 p.p.m. 
PEN TAA TIE prs feleyeve les) dvs'a/s-aloreleiokceieussy-a.9,5 6 oleae ee re Ns 3.5 p.p.m. 
PUPPIES oon ce sae viele eats iass Slag icc Sioa a nea Wnts Se oi 98.2 per cent 
Suspended Solids in Mixed Liquor .................... 1280. p.p.m. (Average) 
RMR RMN 5 ats saul sy else tats ele jse ape) Saas, Sierals ayes atone od elgies 99 (MohlIman) 


At the end of the test period when the mixed liquor suspended solids were 2000 p.p.m., 
a dissolved oxygen survey was made of the aeration tanks. A substantial amount of 
dissolved oxygen was shown throughout these tanks. This observation is especially note- 
worthy because difficulty has been experienced, with many mechanical aerator installations, 
in maintaining an excess of dissolved oxygen with suspended solids concentrations exceed- 
ing 900 p.p.m. 
R. 8. Smiru 


MALARIA CONTROL IN THE TENNESSEE VALLEY 


By W. G. STROMQUIST 


Civil Engineering, 5, 771 (December, 1935) 


The Tennessee Valley Authority is creating a number of reservoirs with long mileages 
of shore lines. The area is endemic to malaria, and, within the mile-flight zone of the 
mosquito, is quite extensive. The problem has been studied in many ramifications, and 
with results in certain adopted procedures. 

Anopheles quadrimaculatus breeds on ponded areas. Constant water level, mini- 
mum wave action, and the presence of aquatic growths and débris are conditions favor- 
able. Breeding occurs in shallow inshore waters, and is most extensive during early 
vears until a biological balance has been established. 

Preventive measures include clearing between low and high water lines; draining 
of pools that become landlocked during reservoir operation; and stocking waters with 
top feeding minnows. 

In addition, the design and operation should provide for impounding during the 
non-breeding fall and winter, and should permit of periodic (10-day) fluctuation of 
water level (1-foot) during the breeding season which, normally, is from July to Sep- 
tember. The purpose and effect of fluctuating reservoir levels are to discourage aquatic 
growths and to strand the larvae where they will die. 

The article cited gives a documented comparison between mosquito control by 
water level fluctuation and by larvicides. The latter includes paris green or oil which 
is applied mechanically from power boats, or dusted or sprayed manually. The use of 
aeroplanes for this purpose is being studied, but cost and other data are not yet con- 
clusive. 

In the Tennessee Valley, the schedule of operation will provide for fluctuating reser- 
voir levels in rotation and coupled with interchange of load. In this way the prime 
purposes of the reservoirs will not be affected. 

State regulations for mosquito control have been developed by Alabama and Vir- 
ginia. Regulations aim for biological control, but this must be supplemented by the use 
of germicides. Infection by malaria has been made the basis for court action. 
FRANK TOLLES 
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SEWAGE TREATMENT EXPERIMENTS AT ATLANTA, GA. 


By M. T. SINGLETON AND G. R. FRITH 
Civil Engineering, 5, 767 (December, 1935) 
A 0.5 m.g.d. experimental plant is being operated at the Atlanta Intrenchment Creek 


plant to determine whether chemical precipitation ahead of trickling filters would permit 
an increase to the filter load. 


Procedures included the application of chlorinated copperas to Imhoff tank (3-hour 


detention) effluent and to raw sewage. Ferrous sulphate was chlorinated in the solution 
line before application to the sewage. The dosed sewage was flash mixed 2-mins., floc 
culated 30-mins., settled (clarified) 1.45 hrs., and then filtered. Dosage varied 200 
600 Ibs. per m.g. Trickling filter rates were 4-6 m.g.d. per acre. Some results are given 
in the following tabulation: 


Normal Operation | Chemical Precipitation 

Sus. 5-day | Total] Sus. 5-day | Total 

Solids B.O.D. | Red.| Solids B.O.D. | Red 
Raw Sewage......... 180 p.p.m.| 170 p.p.m. 175 p.p.m.| 165 p.p.m. 
Imhoff Tank Effluent 70 p.p.m.| 120 p.p.m.| 30°% | 80 p.p.m.} 120 p.p.m.| 27% 
After Precipitation 400 lbs./m.g. 85 p.p.m.| 105 p.p.m.} 35 
Filter Effluent 2 m.g.d./acre 10 p.p.m.| 30 p.p.m.) 82 
Filter Effluent 6 m.g.d./acre 40 p.p.m.} 28 p.p.m.} 83 
Magnetite Effluent . 16 p.p.m.} 18 p.p.m.| 89 


The data of the table are from 24-hour composites. Four-hour composites showed less 
ened peaks of B.O.D. when chemicals were used. 

Chemical precipitation to obtain materially greater removals than those in Imhoff 
tanks required dosing with 700-900 lbs. of copperas per m.g., but improvement of filter 
performance was independent of clarification and suggested that the benefits from appli 
eations of iron showed mainly in the filter itself. (On this point the article refers to 
early work by Dunbar—Principles of Sewage Treatment, Dunbar and Calvert.) 

Trial was made of filtering a dosed (300 Ibs. per m.g.) Imhoff tank effluent without 
flocculation and settlement. This carried iron on to the filter in quantity that proved 
toxie. 

Intrenchment Creek sewage varies in pI, normally between 6.9 and 7.4, but at times 
to exceed 9.0. Acid adjustment was found costly and difficult. Laboratory work showed 
that 100-150 p.p.m. CO: reduced pH to 6.2. An application of this method was made 
by burning Imhoff tank gas vent gas, and by blowing the flue gases to the sewage 
through porous tubes. Flue gases carried 4-6 per cent CO: and were used at the rate of 
6 ¢.f.m. per m.g.d. of sewage flow. Submergence of the porous tubes was inadequate, 
but pH was reduced from a range of 6.9 —8.4 to 6.8. 

Conclusions for Intrenchment Creek sewage and conditions were (1) Chemical pre 
cipitation of raw sewage is preferable to and less costly than the treatment of pre 
settled sewage; (2) Adjustment of pH to the acid side is the more effective; (3) Ad- 
justment of pH with CO: is practicable, facilitates flocculation, and lessens cost for 
chemicals; (4) Improvement of filter operation is not dependent wholly upon the degree 
of purification effected by previous chemical precipitation; (5) Iron in small doses makes 
the sewage more amenable to filtration and, on filter media, enhances purification; (6) 
Straining or filtering after final clarification is useful with or without chemical precipi- 
tation of final effluent. 

FrANK TOLLES 
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TRADE WASTE TREATMENT PLANT AT BELTSVILLE 
RESEARCH CENTER, MARYLAND 


ANON. 


Engineering News-Record, 115, 787 (December 5, 1935 
g f ? 5) 


Placed in operation July 15, 1935, the plant is designed to handle .4 m.g.d. of mixed 
trade wastes from a 500 cow dairy creamery and cheese factory, a 200 hog abbatoir, 
large laboratories and a tannery. With the Center not complete, flows have ranged from 
.05 to .2 m.g.d. with a maximum raw sewage B.O.D. of 400-500 p.p.m. and an effluent not 
exceeding 30 p.p.m. B.O.D. 

The plant consists of 144” bar screen and duplicate grit chambers, flocculators, 
primary settling tanks, rotary trickling filters, final settling tanks, heated digestion tanks 
with floating covers and glass covered sludge drying beds. Chemical feed equipment 
for lime, copperas and chlorine is provided. Chlorine may be applied ahead of the 
screen, following the grit chambers or to the plant effluent, with the outlet sewer in this 
ease baffled to act as a contact chamber. The copperas solution, chlorinated in the feed 
line through a silver tube ean be added to either or both halves of the plant ahead of the 
floeculators. A complete laboratory is provided fer control and experimental purposes. 


R. W. Kener 


SPRINKLING FILTER REQUIREMENTS IN NEW JERSEY 


ANON. 


Engineering News-Record, 115, 753 (November 28, 1935) 


The new regulation, adopted November 12, 1935, recommends chemical precipitation 
where the 5-day B.O.D. of the raw sewage exceeds 325 p.p.m., a means for complete 
flooding of the filter by sections, and removal of either half or any quarter of the nozzle 
field from service. Requirements include: 6-9 ft. depth of 1’—2” stone; underdrain 
ventilation; 630,000 gallons per acre per day per foot depth maximum dosage rate; 1,100 
gallons per minute per acre per foot maximum dosage rate when the 5-day B.O.D. does 
not exeeed 215 p.p.m., and proportionately less for B.O.D.’s over 215 p.p.m.; 20 per 
cent to 40 per cent filter operating time; one hour minimum detention period in final 
settling tank; 4% eu. ft. per capita excess capacity for final settling tank sludge if di- 
gested, or 4 sq. ft. per capita of glass covered sludge beds if dried directly; 15 minute 
maximum dosing eyele; and 144 ft. minimum net terminal head on nozzles. 


R. W. Kener 





THE REVIVAL AND PRESENT STATUS OF CHEMICAL 
PRECIPITATION 


By M. N. BAKER 


Engineering News-Record, 115, 748 (November 28, 1935 


At the present time, chemical precipitation plants are in operation in 34 cities, eleven 
others are under construction and 25 plants have been projected. This compares with a 
total of 3500 municipalities now treating their sewage. The plants in operation or 
projected are distributed among 27 states, most of them are small and iron salts are being 
used, alone or in combination in 59 of 66 plants for which data are available. Many of 
the plants, including some of the largest, either provide only part time chemical treatment 
or treat sewage high in trade wastes. The revival of chemical treatment is due largely 
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to lower prices and improved equipment for handling precipitants formerly used and to 
a growing appreciation of the flexibility of the processes. “ All signs point to the con- 
struction of hundreds of sewage treatment plants in the next decennium, in which 
chemical processes will have the share that recent advances fully warrant.” 


R. W. Kener 


CHEMICAL MECHANICAL TREATMENT OF SEWAGE 


V. Sludge Treatment, Factors Governing Choice of Method—Results 
Obtainable 


By P. B. STREANDER AND M. J. BLEW 


Public Works, 66, 22 (November, 1935) 


On open sludge drying beds at Atlanta, Ga., at an average mean temperature of 71°, 
an average humidity of 68 per cent, and an average monthly rainfall of 3.15 inches, 
sludge was spadeable in 10 days, increased in concentration from 5 to 50 per cent in 14 
days, then to 80 per cent in 30 days. Drying of chemically precipitated fresh sludge on 
drying beds was practiced to some extent in earlier chemical precipitation installations. 

Vacuum filters have operated on conditioned sludge in actual installations at rates 
of 12-14 pounds of dry solids per square foot per hour, and for average conditions a 
design figure of 10 pounds is probably safe. Centrifuging of sludge is not only practical 
but may be preferable to vacuum filtration although there are not now sufficient data on 
which to base conclusions covering the use of centrifuges. Digestion is practical with an 
iron sludge but questionable with an iron lime sludge. 

Process patents in chemical sewage treatment can usually be circumvented and there 
are usually available alternate designs of patented equipment and methods of treatment. 

R. W. Kener 


THE PATENT SITUATION IN SEWAGE TREATMENT 


3y PAUL HANSEN 


Public Works, 66, 13 (November, 1935) 


Patents which are valid and useful and for which reasonable royalties are asked, 
do not cause much difficulty and the wide range of methods and equipment available make 
it possible to avoid or circumvent patents for which royalties, excessive enough to affect 
the economy of the process, are charged. Patents such as the septie tank and activated 
sludge patents which are unexpectedly upheld in the courts cause the most difficulty. 
A larger group, and one to which more attention should be paid by the designing en- 
gineer, are those in which the royalty is included in the price of equipment. The patent 
situation in sewage treatment is becoming more complicated and in eases of doubtful 
validity of the patent, or excessive royalty for its use, the employment of a competent 
patent attorney may be advisable. 


R. W. Ker 








